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TMDL Development for the Upper Big Muddy River Watershed, Illinois
This file contains the following documents:

1) U.S. EPA Approval letter and Decision Document for the Final TMDL Report
2) TMDL Report

3) Watershed Implementation Plan
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MAY 15 2019

Sanjay Sofat, Chief

Bureau of Water

[llinois Environmental Protection Agency
P.O. Box 19276

Springfield. lliinois 62794-9276

Dear Mr. Sofat;

The U.S. Environmental Protection Agency has conducted a complete review of the final Total
Maximum Daily Loads (TMDL) for segments within the Upper Big Muddy River watershed
(UBMRW), including support documentation and follow up information. The UBMRW is in
southern Illinois in portions of Franklin, Hamilton, Jackson and Williamson Counties. The
UBMRW TMDLs address impaired primary contact recreation due to excessive bacteria, aquatic
life impairments for dissolved oxygen. iron and mangancse and aesthetic quality impairments
due to excessive nutrients.

EPA has determined that the UBMRW TMDLs meet the requirements of Section 303(d) of the
Clean Water Act and EPA’s implementing regulations set forth at 40 C.F.R. Part 130. Therefore,
EPA approves Illinois’s two bacteria TMDLs, one dissolved oxygen TMDL, one iron TMDL,
one manganese TMDL and five total phosphorus TMDLs. The statutory and regulatory
requirements, and EPA’s review of Illinois’s compliance with each requirement, are described in
the enclosed decision document.

We wish to acknowledge 1llinois’s efforts in submitting these TMDLs and look forward to future
TMDL submissions by the State of Illinois. If you have any questions, please contact Mr. David
Pfeifer, Acting Chief of the Watersheds and Wetlands Branch, at 312-353-9024.

Sincerely,

?BMMM

Joan M. Tanaka
Acting Director, Water Division

Recycled/Recyclable » Printed with Vegetable Oil Based Inks on 100% Recycled Paper (100% Post-Consumer)
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cc: Abel Haile, IEPA



TMDL: Upper Big Muddy River watershed bacteria, dissolved oxygen, iron, manganese and total
phosphorus TMDLs, Franklin, Hamilton, Jackson, Jefferson and Williamson Counties, IL
Date: May 15, 2019

DECISION DOCUMENT
FOR THE UPPER BIG MUDDY RIVER WATERSHED TMDLS, FRANKLIN, HAMILTON,
JACKSON, JEFFERSON & WILLIAMSON COUNTIES, IL

Section 303(d) of the Clean Water Act (CWA) and EPA’s implementing regulations at 40 C.F.R. Part
130 describe the statutory and regulatory requirements for approvable TMDLs. Additional information
is generally necessary for EPA to determine if a submitted TMDL fulfills the legal requirements for
approval under Section 303(d) and EPA regulations, and should be included in the submittal package.
Use of the verb “must” below denotes information that is required to be submitted because it relates to
elements of the TMDL required by the CWA and by regulation. Use of the term “should” below
denotes information that is generally necessary for EPA to determine if a submitted TMDL is
approvable. These TMDL review guidelines are not themselves regulations. They are an attempt to
summarize and provide guidance regarding currently effective statutory and regulatory requirements
relating to TMDLs. Any differences between these guidelines and EPA’s TMDL regulations should be
resolved in favor of the regulations themselves.

1. Identification of Water body, Pollutant of Concern, Pollutant Sources, and Priority
Ranking

The TMDL submittal should identify the water body as it appears on the State’s/Tribe’s 303(d) list. The
water body should be identified/georeferenced using the National Hydrography Dataset (NHD), and the
TMDL should clearly identify the pollutant for which the TMDL is being established. In addition, the
TMDL should identify the priority ranking of the water body and specify the link between the pollutant
of concern and the water quality standard (see Section 2 below).

The TMDL submittal should include an identification of the point and nonpoint sources of the pollutant
of concern, including location of the source(s) and the quantity of the loading, e.g., Ibs/per day. The
TMDL should provide the identification numbers of the NPDES permits within the water body. Where it
is possible to separate natural background from nonpoint sources, the TMDL should include a
description of the natural background. This information is necessary for EPA’s review of the load and
wasteload allocations, which are required by regulation.

The TMDL submittal should also contain a description of any important assumptions made in
developing the TMDL, such as:

(1) the spatial extent of the watershed in which the impaired water body is located;

(2) the assumed distribution of land use in the watershed (e.g., urban, forested, agriculture);

(3) population characteristics, wildlife resources, and other relevant information affecting the
characterization of the pollutant of concern and its allocation to sources;

(4) present and future growth trends, if taken into consideration in preparing the TMDL (e.g., the
TMDL could include the design capacity of a wastewater treatment facility); and



(5) an explanation and analytical basis for expressing the TMDL through surrogate measures, if
applicable. Surrogate measures are parameters such as percent fines and turbidity for sediment
impairments; chlorophyll ¢ and phosphorus loadings for excess algae; length of riparian buffer;
or number of acres of best management practices.

Comment:

Location Description/Spatial Extent:

The Upper Big Muddy River Watershed (UBMRW) (HUC-8 #07140106) covers approximately 490
square miles (approx. 313,435 acres) in southern Illinois in portions of Franklin, Hamilton, Jackson,
Jefferson and Williamson Counties. The UBMRW is in the Mississippi River Basin and surface waters
in the UBMRW generally flow from the north-northeast to the south-southwest. The main stem of the
Big Muddy River eventually empties into the main stem of the Mississippi River in Jackson County near
the La-Rue-Pine Hills Ecological Area.

The Illinois UBMRW TMDLs address two segments impaired due to excessive bacteria, 3 segments
which demonstrate aquatic life impairments due to excessive iron, manganese and decreased dissolved
oxygen conditions and five segments which show aesthetic quality impairments due to excessive total
phosphorus (Table 1 of this Decision Document).

Table 1: Big Muddy River Watershed impaired waters addressed by this TMDL

Water body name | Assessment Unit ID |  Affected Use LIV TMDL
stressor
Bacteria TMDLs
Big Muddy River IL N-11 Primary antact Fecal Coliform Fecal Coliform TMDL
- Recreation
Middle For!( Big Muddy IL_NH-06 Primary antact Fecal Coliform Fecal Coliform TMDL
River - Recreation
Dissolved Oxygen TMDLs
Dissolved Oxygen
Lake Creek IL NGA-02 Aquatic Life Ammonia/nitrogen TMDL (ad.dres.sed via
= an ammonia-nitrogen
TMDL)
Iron TMDL
Andy Creek | IL NZN-13 | Aquatic Life | Iron | Iron TMDL
Manganese TMDL
Beaver Creek | IL_ NGAZ-JC-DI | Aquatic Life | Manganese | Manganese TMDL
Total Phosphorus TMDLs
Herrin Old Reservoir IL RNZD Aesthetic quality Phosphorus TP TMDL
Johnson City Reservoir IL RNZE Aesthetic quality Phosphorus TP TMDL
Arrowhead (Williamson) IL_RNZX Aesthetic quality Phosphorus TP TMDL
Reservoir -
West Franqurt Old IL_ RNP Aesthetic quality Phosphorus TP TMDL
Reservoir -
West Frankfo'rt New IL_ RNQ Aesthetic quality Phosphorus TP TMDL
Reservoir -




Land Use:
Land use in the UBMRW is predominantly agricultural, with approximately 58% of the land use in the

UBMRW used for cultivated crops and/or grassland, pasture and hay lands (Table 2 of this Decision
Document). The UBMRW also is comprised of forested lands (27%) and developed lands (12%), open
water (2%) and wetlands (1%).

Table 2: Big Muddy River Watershed Land Cover - based on 2011 National Land Cover Database

(NLCD)

Land Use / Land Cover Category Acreage Percentage
Cultivated Crops 107,348 34.25%
Forest 84,922 27.09%
Grassland/Pasture/Hay 75,733 24.16%
Developed, Open Space 20,648 6.59%
Developed, Low Intensity 14,156 4.52%
Open Water 4,604 1.47%
Wetlands 3,088 0.99%
Developed, Medium Intensity 2,440 0.78%
Developed, High Intensity 383 0.12%
Barren Land 112 0.04%
TOTALS 313,434 100%

Problem Identification:

Bacteria TMDLs: The two impaired segments in the UBMRW were included on the 2016 Illinois 303(d)
list due to excessive bacteria. Water quality monitoring within the UBMRW indicated that these
segments were not attaining their designated aquatic recreation uses due to measured exceedances of the
bacteria criteria. Excessive bacteria can negatively impact recreational uses (e.g., swimming, wading,
boating, fishing etc.) and public health. At elevated levels, bacteria may cause illness within humans
who have contact with or ingest bacteria laden water. Recreation-based contact can lead to ear, nose, and
throat infections, and stomach illness.

Dissolved oxygen impairment addressed via an ammonia-nitrogen TMDL: 1llinois Environmental
Protection Agency (IEPA) identified one segment, Lake Creek (IL_ NGA-02), as demonstrating
degraded oxygen concentrations within the water column. Low dissolved oxygen concentrations can
negatively impact aquatic life use. The decrease in dissolved oxygen can stress benthic
macroinvertebrates and fish. Elevated levels of nutrients (e.g., in Lake Creek, ammonia-nitrogen) within
the water column, can reduce dissolved oxygen in the water column, and cause large shifts in dissolved
oxygen and pH throughout the day. Shifting chemical conditions within the water column may stress
aquatic biota (i.e., fish and macroinvertebrate species). In some instances, degradations in aquatic
habitats or water quality have reduced fish populations or altered fish communities from those
communities supporting sport fish species to communities which support more tolerant rough fish

species.

Iron TMDL: 1EPA identified one segment, Andy Creek (IL__NZN-13), with elevated concentrations of
dissolved iron. Elevated concentrations of dissolved iron can negatively impact aquatic species by
disturbing normal metabolic and osmoregulatory functions. Aquaculture studies have also demonstrated
that increased dissolved iron concentrations in the water column may negatively impact gill
functionality in certain fish species and thus reduce biodiversity in certain stream environments.



Excessive iron within the water column may harm aquatic species such as fish and macroinvertebrates.
Certain metals species dissolve in water and may be absorbed by fish and other aquatic organisms.
Small concentrations of certain dissolved metals may be, in the short term, toxic to fish and aquatic
species and, in the long term, may bioaccumulate in certain aquatic species.

Manganese TMDL: 1EPA identified one segment, Beaver Creek (IL. NGAZ-JC-D1), with elevated
concentrations of dissolved manganese. Elevated dissolved manganese concentrations in the water
column have many of the same negative effects of dissolved iron on fish species and biodiversity of the
water column and benthic environments.

Excessive manganese within the water column may harm aquatic species such as fish and
macroinvertebrates. Certain metals species dissolve in water and may be absorbed by fish and other
aquatic organisms. Small concentrations of certain dissolved metals may be, in the short term, toxic to
fish and aquatic species and, in the long term, may bioaccumulate in certain aquatic species.

Total phosphorus TMDLs: The five total phosphorus segments identified in Table 1 of this Decision
Document were included on the 2016 Illinois 303(d) list due to excessive nutrients (phosphorus). Water
quality monitoring demonstrated that these segments were not attaining their designated aesthetic quality
uses due to excessive nutrients. Water quality monitoring within the UBMRW was completed at several
locations and the data collected during these efforts served as the foundation for modeling efforts
completed in this TMDL study.

While TP is an essential nutrient for aquatic life, elevated concentrations of TP can lead to nuisance
algal blooms that negatively impact aquatic life and recreation (swimming, boating, fishing, etc.). Algal
decomposition depletes dissolved oxygen levels within the water column. The decreases in dissolved
oxygen can stress benthic macroinvertebrates and fish. Depletion of oxygen in the water column can
also lead to conditions where phosphorus is released from bottom sediments (i.e. internal loading).
Also, excess algae can shade the water column which limits the distribution of aquatic vegetation.
Aquatic vegetation stabilizes bottom sediments and is an important habitat for macroinvertebrates and
fish.

Priority Ranking:

The water bodies addressed by the UBMRW TMDLs were given a priority ranking for TMDL
development due to: the impairment impacts on aquatic life, recreation, the public value of the impaired
water resource and completing TMDLs as part of the Illinois basin monitoring process.

Pollutants of Concern:
The pollutants of concern are bacteria (fecal coliform), iron, manganese and nutrients (i.e., ammonia-
nitrogen and total phosphorus (TP)).



Source Identification (point and nonpoint sources):
Point Source Identification: The potential point sources to the UBMRW are:

UBMRW bacteria TMDLs:

National Pollutant Discharge Elimination Systems (NPDES) permitted facilities: NPDES permitted
facilities may contribute bacteria loads to surface waters through discharges of treated wastewater.
Permitted facilities must discharge treated wastewater according to their NPDES permit. I[EPA
determined that the facilities in Table 3 of this Decision Document were contributing bacteria to waters
in the UBMRW and assigned these facilities a portion of the bacteria wasteload allocation (WLA).

Table 3: NPDES facilities which contribute point source pollutant loading in the Upper Big Muddy River
Watershed TMDLSs

Bacteria WLAs assigned to NPDES facilities in the UBMRW
WLA*
Permit # Facility Name Impaired Reach Fecal coliform load
(fecal coliform colonies/day)
1LG580083 Valier STP IL N-11 6.06E+08
ILG580215 West City STP IL N-11 7.75E+08
1LG580221 Hanaford STP IL N-11 & IL NH-96 3.18E+08
1L.G580272 Orient STP IL N-11 5.56E+08
1L.0050466 LB Camping Sesser STP IL N-11 3.86E+07
1L0061760 Hill City Apartments - Benton IL N-11 & IL NH-96 3.03E+07
IL0065111 | Rend Lake Conservation District STP | IL N-11 & IL_ NH-96 3.79E+09
100020851 Christopher STP IL N-11 5.81E+09
1L0022365 Benton Northwest STP IL N-11 7.65E+09
1L.0031704 West Frankfort STP IL N-11 1.06E+10
Dissolved Oxygen/Ammonia-Nitrogen WLAs assigned to NPDES facilities in the UBMRW
- Ammonia-Nitrogen load

DO TMDL (ammonia-nitrogen) (Ibs/day)

100029301 | Johnson City STP | IL NGA-02 6.88

Total Phosphorus WLAs assigned to NPDES facilities in the UBMRW
Total Phosphorus load

TP TMDL (Ibs/day)

1L0072478 | Thompsonville STP | IL RNQ 0.67

* = Design average flow was used to calculate the WLA.

Municipal Separate Storm Sewer Systems (MS4): IEPA determined that the UBMRW does not have
MS4s which contribute pollutants to surface waters in the UBMRW.

Concentrated Animal Feedlot Operations (CAFOs): IEPA determined that the UBMRW does not have
CAFOs which contribute pollutants to surface waters in the UBMRW.

Combined Sewer Overflows (CSOs) and Sanitary Sewer Overflows (S50s): IEPA determined that the
UBMRW does not have CSOs nor SSOs which contribute pollutants to surface waters in the UBMRW.



UBMRW dissolved oxygen impairment addressed via an ammonia-nitrogen TMDL.:

NPDES permitted facilities: NPDES permitted facilities may contribute ammonia-nitrogen loads to
surface waters through discharges of treated wastewater. Permitted facilities must discharge treated
wastewater according to their NPDES permit. IEPA determined that one facility (i.e., the Johnson City
Sewage Treatment Plant (STP) (IL0029301)) in Table 3 of this Decision Document was contributing
ammonia-nitrogen to the Lake Creek (IL_ NGA-02) segment and assigned this facility a portion of the
ammonia-nitrogen WLA.

UBMRW iron TMDL.:
IEPA determined that there were no permitted sources contributing to the Andy Creek (IL. NZN-13)
iron TMDL. WLAs were set at 0.

UBMRW manganese TMDL.:
IEPA determined that there were no permitted sources contributing to the Beaver Creek (IL. NGAZ-JC-
D1) manganese TMDL. WLAs were set at 0.

UBMRW total phosphorus TMDLs:

NPDES permitted facilities: NPDES permitted facilities may contribute phosphorus loads to surface
waters through discharges of treated wastewater. Permitted facilities must discharge treated wastewater
according to their NPDES permit. IEPA determined that one facility in Table 3 (i.e., the Thompsonville
STP (IL0072478)) was contributing phosphorus to waters in the UBMRW and assigned this facility a
portion of the phosphorus WLA.

Nonpoint Source Identification: The potential nonpoint sources to the UBMRW are:

UBMRW bacteria TMDLs:

Stormwater from agricultural land use practices and feedlots near surface waters: Animal Feeding
Operations (AFOs) in close proximity to surface waters can be a source of bacteria to water bodies in the
UBMRW. These areas may contribute bacteria via the mobilization and transportation of pollutant laden
waters from feeding, holding and manure storage sites. Runoff from agricultural lands may contain
significant amounts of bacteria which may lead to impairments in the UBMRW. Feedlots generate
manure which may be spread onto fields. Runoff from fields with spread manure can be exacerbated by
tile drainage lines, which channelize the stormwater flows and reduce the time available for bacteria to

die-off.

Unrestricted livestock access to streams. Livestock with access to stream environments may add
bacteria directly to the surfaces waters or resuspend particles that had settled on the stream bottom.
Direct deposition of animal wastes can result in very high localized bacteria counts and may contribute
to downstream impairments. Smaller animal facilities may add bacteria to surface waters via wastewater
from these facilities or stormwater runoff from near-stream pastures.

Discharges from septic systems or unsewered communities: Failing septic systems are a potential source
of bacteria within the UBMRW. Septic systems generally do not discharge directly into a water body,
but effluents from septic systems may leach into groundwater or pond at the surface where they can be



washed into surface waters via stormwater runoff events. Age, construction and use of septic systems
can vary throughout a watershed and influence the bacteria contribution from these systems.

Non-regulated urban runoff: Runoff from urban areas (e.g., urban, residential, commercial or industrial
land uses) can contribute bacteria to local water bodies. Stormwater from urban areas, which drain
impervious surfaces, may introduce bacteria derived from wildlife or pet droppings to surface waters.

Wildlife: Wildlife is a known source of bacteria in water bodies as many animals spend time in or
around water bodies. Deer, geese, ducks, raccoons, and other animals all create potential sources of
bacteria. Wildlife contributes to the potential impact of contaminated runoff from animal habitats, such
as urban park areas, forest, and rural areas.

UBMRW dissolved oxygen impairment addressed via an ammonia-nitrogen TMDL.:

Stormwater from agricultural land use practices and feedlots near surface waters: AFOs in close
proximity to surface waters can be a source of ammonia-nitrogen inputs to water bodies in the
UBMRW. These areas may contribute ammonia-nitrogen inputs via the mobilization and transportation
of pollutant laden waters from feeding, holding and manure storage sites. Runoff from agricultural lands
may contain significant amounts of ammonia-nitrogen which may lead to impaired conditions in Lake
Creek (IL_NGA-02). Feedlots generate manure which may be spread onto fields. Runoff from fields
with spread manure can be exacerbated by agricultural tile drainage lines, which channelize the
stormwater flows to local surface waters.

Non-regulated urban runoff: Runoff from urban areas (urban, residential, commercial or industrial land
uses) can contribute ammonia-nitrogen inputs to local water bodies. Stormwater from urban areas,
which drain impervious surfaces, may introduce ammonia-nitrogen inputs (derived from wildlife or pet
droppings) to surface waters.

Discharges from septic systems or unsewered communities: Failing septic systems are a potential source
of ammonia and/or nutrients within the UBMRW. Septic systems generally do not discharge directly
into a water body, but effluents from septic systems may leach into groundwater or pond at the surface
where they can be washed into surface waters via stormwater runoff events. Age, construction and use
of septic systems can vary throughout a watershed and influence the nutrient contribution from these
systems.

Upstream lake inputs: Lakes and reservoirs in the watershed may be sources of nutrients, including
ammonia-nitrogen, especially to streams immediately downstream of the lake or reservoir. IEPA
explained that flow-through lakes and reservoirs in the UBMRW may act as traps for nutrients and
sediment and these parameters may be re-introduced into stream environments depending on flow
conditions in the lake or reservoir (e.g., flooding conditions).

Wildlife: Wildlife is a known source of ammonia-nitrogen inputs in water bodies as many animals spend
time in or around water bodies. Deer, geese, ducks, raccoons, and other animals all create potential
sources of ammonia-nitrogen inputs. Wildlife contributes to the potential impact of contaminated runoff
from animal habitats, such as urban park areas, forest, and rural areas.



UBMRW iron TMDL.:

Stormwater from agricultural land use practices: Soil erosion from agricultural areas may enter stream
environments during precipitation runoff events such as storms, or from localized land disturbances
from animal operations. Iron in the soils may dissolve out into the water column, especially in water
bodies with low dissolved oxygen concentrations. Agricultural tile drainage lines, which channelize the
stormwater flows can exacerbate the transmission of runoff and soils to stream environments. Animals
grazing or watering near the streams can also disturb the soils and streambanks, adding iron-bound soil
particulate matter to surface waters.

Stream channelization and stream erosion.: Eroding streambanks and channelization efforts may add
dissolved metals such as iron to local surface waters. Iron may be added if there is particulate iron bound
with eroding soils from riparian areas. Eroding riparian areas may be linked to soil inputs within the
water column and potentially to changes in flow patterns. Changes in flow patterns may also encourage
down-cutting of the streambed and streambanks. Stream channelization efforts can increase the velocity
of flow (via the removal of the sinuosity of a natural channel) and disturb the natural sedimentation
processes of the streambed.

Legacy and ongoing mining inputs. In its Stage | UBMRW Report, IEPA explained that in certain areas
of the watershed (e.g., Franklin and Williamson Counties) there were active and/or closed mine
operations. Stormwater runoff from active and legacy/inactive mining areas may contribute dissolved
and particulate metals from mining waste/spoil piles and legacy mining areas which are in the process of
being reclaimed. Mining dewatering efforts of pits and underground areas may also introduce dissolved
and particulate metals to surface waters.

UBMRW manganese TMDL.:

Stormwater from agricultural land use practices: Soil erosion from agricultural areas may enter stream
environments during precipitation runoff events such as storms, or from localized land disturbances
from animal operations. Manganese in the soils may dissolve out into the water column, especially in
water bodies with low dissolved oxygen concentrations. Agricultural tile drainage lines, which
channelize the stormwater flows can exacerbate the transmission of runoff and soils to stream
environments. Animals grazing or watering near the streams can also disturb the soils and streambanks,
adding manganese-bound soil particulate matter to surface waters.

Stream channelization and stream erosion.: Eroding streambanks and channelization efforts may add
dissolved metals such as manganese to local surface waters. Manganese may be added if there is
particulate manganese bound with eroding soils from riparian areas. Eroding riparian areas may be
linked to soil inputs within the water column and potentially to changes in flow patterns. Changes in
flow patterns may also encourage down-cutting of the streambed and streambanks. Stream
channelization efforts can increase the velocity of flow (via the removal of the sinuosity of a natural
channel) and disturb the natural sedimentation processes of the streambed.

Legacy and ongoing mining inputs. In its Stage | UBMRW Report, IEPA explained that in certain areas
of the watershed (e.g., Franklin and Williamson Counties) there were active and/or closed mine
operations. Stormwater runoff from active and legacy/inactive mining areas may contribute dissolved
and particulate metals from mining waste/spoil piles and legacy mining areas which are in the process of



being reclaimed. Mining dewatering efforts of pits and underground areas may also introduce dissolved
and particulate metals to surface waters.

UBMRW total phosphorus TMDL.:

Internal loading: The release of phosphorus from lake sediments contributes internal phosphorus
loading to the lakes in the UBMRW. Phosphorus may build up in the bottom waters of the lake and may
be resuspended or mixed into the water column when the thermocline decreases and the lake water
mixes.

Stormwater runoff from agricultural land use practices: Runoff from agricultural lands may contain
significant amounts of nutrients, organic material and organic-rich sediment which may lead to
impairments in the UBMRW. Manure spread onto fields is often a source of phosphorus, and can be
exacerbated by tile drainage lines, which channelize the stormwater. Tile lined fields and channelized
ditches enable particles to move more efficiently into surface waters. Phosphorus, organic material and
organic-rich sediment may be added via surface runoff from upland areas which are being used for
Conservation Reserve Program (CRP) lands, grasslands, and agricultural lands used for growing hay or
other crops. Stormwater runoff may contribute nutrients and organic-rich sediment to surface waters
from livestock manure, fertilizers, vegetation and erodible soils.

Stream channelization and stream erosion.: Eroding streambanks and channelization efforts may add
nutrients, organic material and organic-rich sediment to local surface waters. Nutrients may be added if
there is particulate phosphorus bound with eroding soils. Eroding riparian areas may be linked to soil
inputs within the water column and potentially to changes in flow patterns. Changes in flow patterns
may also encourage down-cutting of the streambed and streambanks. Stream channelization efforts can
increase the velocity of flow (via the removal of the sinuosity of a natural channel) and disturb the
natural sedimentation processes of the streambed.

Discharges from septic systems or unsewered communities: Failing septic systems are a potential source
of nutrients within the UBMRW. Septic systems generally do not discharge directly into a water body,
but effluents from septic systems may leach into groundwater or pond at the surface where they can be
washed into surface waters via stormwater runoff events. Age, construction and use of septic systems
can vary throughout a watershed and influence the nutrient contribution from these systems.

Wetland and Forest Sources: Phosphorus, organic material and organic-rich sediment may be added to
surface waters by stormwater flows through wetland and forested areas in the UBMRW. Storm events
may mobilize phosphorus through the transport of suspended solids and other organic debris.

Wildlife: Wildlife is a known source of nutrients in water bodies as many animals spend time in or
around water bodies. Deer, geese, ducks, raccoons, and other animals all create potential sources of
nutrients. Wildlife contributes to the potential impact of contaminated runoff from animal habitats, such
as urban park areas, forest, and rural areas.

Future Growth:

Franklin, Jackson and Williamson counties demonstrated a slight increase in population from the 2000
to 2010 census cycles (Stage 1 Report, Section 2.6). Population growth in the UBMRW was small and
IEPA did not account for any future growth as it developed the TMDLs for the UBMRW. The WLA and



load allocations (LA) for the UBMRW TMDLs were calculated for all current and future sources. Any
expansion of point or nonpoint sources will need to comply with the respective WLA and LA values
calculated in the UBMRW TMDLs.

The EPA finds that the TMDL document submitted by IEPA satisfies the requirements of the first
criterion.

2. Description of the Applicable Water Quality Standards and Numeric Water Quality Target

The TMDL submittal must include a description of the applicable State/Tribal water quality standard,
including the designated use(s) of the water body, the applicable numeric or narrative water quality
criterion, and the antidegradation policy (40 C.F.R. §130.7(c)(1)). EPA needs this information to review
the loading capacity determination, and load and wasteload allocations, which are required by
regulation.

The TMDL submittal must identify a numeric water quality target(s) — a quantitative value used to
measure whether or not the applicable water quality standard is attained. Generally, the pollutant of
concern and the numeric water quality target are, respectively, the chemical causing the impairment and
the numeric criteria for that chemical (e.g., chromium) contained in the water quality standard. The
TMDL expresses the relationship between any necessary reduction of the pollutant of concern and the
attainment of the numeric water quality target. Occasionally, the pollutant of concern is different from
the pollutant that is the subject of the numeric water quality target (e.g., when the pollutant of concern is
phosphorus and the numeric water quality target is expressed as Dissolved Oxygen (DO) criteria). In
such cases, the TMDL submittal should explain the linkage between the pollutant of concern and the
chosen numeric water quality target.

Comment:
Section 3 of the final TMDL document explains that water bodies in the UBMRW are not meeting their
General Use designation. The Illinois Pollution Control Board (IPCB) defines General Use standards as
those that:
"will protect the state's water for aquatic life, wildlife, agricultural use, secondary contact use
and most industrial uses, and ensure the aesthetic quality of the state's aquatic environment."”

Under the General Use classification, waters are further designated as impaired for aquatic life use,
aesthetic quality use and primary contact recreational use. Table 1 of this Decision Document shows the
various water body segments and their associated impaired uses.

Primary contact uses, defined as
“any recreational or other water use in which there is prolonged and intimate contact with the
water (where the physical configuration of the water body permits it) involving considerable risk
of ingesting water in quantities sufficient to pose a significant health hazard, such as swimming
and water skiing” (35 Ill. Adm. Code 301.355)

are protected for all General Use waters.
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The applicable General Use water quality standards (WQS) for the UBMRW TMDL water bodies are
established in Illinois Administrative Rules Title 35, Environmental Protection; Subtitle C, Water
Pollution; Chapter I, Pollution Control Board; Part 302, Water Quality Standards, Subpart B. Table 4 of
this Decision Document lists applicable water quality standards of the UBMRW TMDLs.

Table 4: Water quality standards and targets utilized within the Upper Big Muddy River Watershed
TMDL

Parameter | Units | TMDL Targets
Numeric Water Quality Standards for addressing the Bacteria (fecal coliform) impaired segments within the
UBMRW

400 in < 10% of samples?

Total Fecal Coliform' fu/1 L
otal Fecal Coliform cfu /100 m Geometric Mean® < 200

Numeric Water Quality Criterion for addressing the Dissolved Oxygen impaired segments within the UBMRW

Dissolved Oxygen (DO) mg/L No value should be less than 5.0 mg/L*
Numeric Water Quality Target for addressing the Iron impaired segments within the UBMRW
Iron mg/L 1.0
Numeric Water Quality Target for addressing the Manganese impaired segments within the UBMRW
Manganese | mg/L | 48553
Numeric Water Criterion for addressing the Nutrient impaired segments within the UBMRW
Total Phosphorus (TP) | mg/L | 0.05

! = Fecal Coliform standards apply only between May 1 and October 31

2 = Standard shall not be exceeded by more than 10% of the samples collected during any 30-day period

3 = Geometric mean based on minimum of 5 samples taken over not more than a 30-day period

# = The DO TMDL for the Lake Creek (IL_NGA-02) segment was calculated using a load (Ibs/day) assigned to ammonia-
nitrogen (See Section 3 of this Decision Document and Section 5.2 of the final TMDL document).

5 = The chronic water quality standard of 4.85 mg/L was calculated based on a hardness measurement of 383 mg/L which
was measured in the field at the same time of manganese measurements in IL_ NGZA-JC-D1

Bacteria TMDL target: The bacteria TMDL target employed for the UBMRW bacteria TMDL is the
200 colony forming units (cfu) per 100 mL (200 cfu/100 mL) portion of the standard. IEPA believes that
using the 200 cfu/100 mL portion of the standard for TMDL calculations will result in the greatest
bacteria reductions within the UBMRW and will result in the attainment of the 400 cfu/100 mL portion
of the standard. While the bacteria TMDLs will focus on the geometric mean portion of the water
quality standard, attainment of both parts of the water quality standard is required.

Dissolved oxygen impairment addressed via an ammonia-nitrogen TMDL target: The dissolved oxygen
target for the UBMRW dissolved oxygen TMDL (i.e., the Lake Creek (IL_ NGA-02) segment) is 5.0
mg/L. The DO TMDL was calculated to attain an ammonia-nitrogen load (Ibs/day) as IEPA determined
that ammonia-nitrogen is the pollutant linked to the DO impairment in the Lake Creek segment (Section
5.2 of the final TMDL document). Ammonia-nitrogen values (e.g., monthly average effluent limits for

permitted facilities) used in the QUAL-2E modeling were selected by IEPA and described in Section 5.2
of the final TMDL document.

Iron TMDL target: The iron TMDL target for the UBMRW iron TMDL is 1.0 mg/L.
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Manganese TMDL target:. The manganese TMDL target for the UBMRW manganese TMDL is
4.85 mg/L. This target is based on the chronic water quality standard equation,

WQS = e ABI % ( 9812
Where A =4.0635, B =0.7467 and In(H) = the natural logarithm of a hardness (H) measurement (mg/L)

TP TMDL target: The phosphorus TMDL target for the UBMRW phosphorus TMDLs is 0.05 mg/L.

The EPA finds that the TMDL document submitted by IEPA satisfies the requirements of the second
criterion.

3. Loading Capacity - Linking Water Quality and Pollutant Sources

A TMDL must identify the loading capacity of a water body for the applicable pollutant. EPA
regulations define loading capacity as the greatest amount of a pollutant that a water can receive without
violating water quality standards (40 C.F.R. §130.2(f)).

The pollutant loadings may be expressed as either mass-per-time, toxicity or other appropriate measure
(40 C.F.R. §130.2(1)). If the TMDL is expressed in terms other than a daily load, e.g., an annual load,
the submittal should explain why it is appropriate to express the TMDL in the unit of measurement
chosen. The TMDL submittal should describe the method used to establish the cause-and-effect
relationship between the numeric target and the identified pollutant sources. In many instances, this
method will be a water quality model.

The TMDL submittal should contain documentation supporting the TMDL analysis, including the basis
for any assumptions; a discussion of strengths and weaknesses in the analytical process; and results from
any water quality modeling. EPA needs this information to review the loading capacity determination,
and load and wasteload allocations, which are required by regulation.

TMDLs must take into account critical conditions for steam flow, loading, and water quality parameters
as part of the analysis of loading capacity (40 C.F.R. §130.7(c)(1)). TMDLs should define applicable
critical conditions and describe their approach to estimating both point and nonpoint source loadings
under such critical conditions. In particular, the TMDL should discuss the approach used to compute
and allocate nonpoint source loadings, e.g., meteorological conditions and land use distribution.

Comment:

UBMRW bacteria TMDLs: IEPA used the geometric mean (200 cfu/100 mL) of the bacteria (fecal
coliform) WQS to calculate loading capacity values for the bacteria TMDLs. IEPA believes the
geometric mean of the bacteria WQS provides the best overall characterization of the status of the
watershed. EPA agrees with this assertion, as stated in the preamble of, “The Water Quality Standards
for Coastal and Great Lakes Recreation Waters Final Rule” (69 FR 67218-67243, November 16, 2004)
on page 67224, “...the geometric mean is the more relevant value for ensuring that appropriate actions
are taken to protect and improve water quality because it is a more reliable measure, being less subject
to random variation, and more directly linked to the underlying studies on which the 1986 bacteria
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criteria were based.” IEPA stated that the bacteria TMDLs will focus on the geometric mean portion of
the water quality standard (200 cfu/100 mL) and that it expects that by attaining the 200 cfu/100 mL
portion of the bacteria (fecal coliform) WQS the 400 cfu /100 mL portion of the bacteria (fecal coliform)
WQS will also be attained. EPA finds these assumptions to be reasonable.

Typically loading capacities are expressed as a mass per time (e.g., pounds per day). However, for fecal
coliform loading capacity calculations, mass is not always an appropriate measure because fecal
coliform is expressed in terms of colony forming units. This approach is consistent with the EPA’s
regulations which define “load” as “an amount of matter that is introduced into a receiving water” (40
CFR §130.2). To establish the loading capacities for the UBMRW bacteria TMDLs, IEPA used
[linois’s WQS for fecal coliform (200 cfu/100 mL). A loading capacity is, “the greatest amount of
loading that a water can receive without violating water quality standards” (40 CFR §130.2). Therefore,
a loading capacity set at the WQS will assure that the water does not violate WQS. IEPA’s bacteria
(fecal coliform) TMDL approach is based upon the premise that all discharges (point and nonpoint)
must meet the WQS when entering the water body. If all sources meet the WQS at discharge, then the
water body should meet the WQS and the designated use.

Flow duration curves (FDC) were created for the two segments in the UBMRW which had bacteria
TMDLs calculated to address their bacteria impaired waters. The FDCs were developed using flow data
collected at USGS gage #05595820 on Casey Fork near Mount Vernon, IL. Neither the Big Muddy
River (IL_N-11) bacteria segment nor the Middle Fork Big Muddy (IL__NH-06) bacteria segment had a
USGS gage located in their direct subwatershed, therefore, IEPA employed flow measurements from a
nearby, upstream USGS gage (i.e., #05595820), to estimate flows for ungaged segments in the
UBMRW. IEPA used the following drainage area ratio (DAR) equation to estimate flows in unaged
subwatersheds:

Qungaged = (Aungaged / Agaged) * anged

where,
Qungaged = Flow at the ungaged location
Qgaged = Flow at USGS gage station (e.g., #05595820)
Aungaged = Drainage area of the ungaged location
Agaged = Drainage area of the USGS gage location (e.g., #05595820)

e For the Big Muddy River bacteria segment (IL_N-11), #05595820 is upstream of the Big Muddy
River segment, therefore, flow data from this USGS gage was adjusted for the FDC calculations
based on a DAR calculation.

e For the Middle Fork Big Muddy bacteria segment (IL_ NH-06), #05595820 is upstream of the
Middle Fork Big Muddy segment, therefore, flow data from this USGS gage was adjusted for the
FDC calculations based on a DAR calculation.

Flow data focused on dates within the recreation season (May 1 to October 31). Daily stream flows were
necessary to implement the load duration curve (LDC) approach.

FDCs graphs have flow duration interval (percentage of time flow exceeded) on the X-axis and
discharge (flow per unit time) on the Y-axis. The FDC were transformed into a LDC by multiplying
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individual flow values by the bacteria WQS (200 cfu/100 mL) and then multiplying that value by a
conversion factor. The resulting points are plotted onto a load duration curve graph. The LDC graph for
the Upper Big Muddy River (IL_N-11) segment has flow duration interval (percentage of time flow
exceeded) on the X-axis and bacteria (fecal coliform) concentrations (number of bacteria per unit time)
on the Y-axis (Figure 4-5 of the final TMDL document). The curved line on a LDC graph represents the
TMDL of the respective flow conditions observed at that location.

Water quality monitoring was completed for the bacteria impaired segments of the UBMRW and
measured fecal coliform concentrations were converted to individual sampling loads by multiplying the
sample concentration by the instantaneous flow measurement observed/estimated at the time of sample
collection. The individual sampling loads were plotted on the same figure with the created LDC (Figures
4-5 and 4-9 of the final TMDL document).

LDC plots were subdivided into three flow regimes; high flow conditions (exceeded 0-30% of the time),
normal flow conditions (exceeded 30—-70% of the time) and low flow conditions (exceeded 70—-100% of
the time). LDC plots can be organized to display individual sampling loads with the calculated LDC.
Watershed managers can interpret LDC graphs with individual sampling points plotted alongside the
LDC to understand the relationship between flow conditions and water quality exceedances within the
watershed. Individual sampling loads which plot above the LDC represent violations of the WQS and
the allowable load under those flow conditions at those locations. The difference between individual
sampling loads plotting above the LDC and the LDC, measured at the same flow, is the amount of
reduction necessary to meet WQS.

The strengths of using the LDC method are that critical conditions and seasonal variation are considered
in the creation of the FDC by plotting hydrologic conditions over the flows measured during the
recreation season. Additionally, the LDC methodology is relatively easy to use and cost-effective. The
weaknesses of the LDC method are that nonpoint source allocations cannot be assigned to specific
sources, and specific source reductions are not quantified. Overall, IEPA believes and EPA concurs that
the strengths outweigh the weaknesses for the LDC method.

Implementing the results shown by the LDC requires watershed managers to understand the sources
contributing to the water quality impairment and which Best Management Practices (BMPs) may be the
most effective for reducing bacteria loads based on flow magnitudes. Different sources will contribute
bacteria loads under varying flow conditions. For example, if exceedances are significant during high
flow events this would suggest storm events are the cause and implementation efforts can target BMPs
that will reduce stormwater runoff and consequently bacteria loading into surface waters. This allows for
a more efficient implementation effort.

The calculated bacteria TMDLs for the Upper Big Muddy River segment (IL_N-11) and the Middle
Fork Big Muddy (IL_NH-06) segment are presented in Table 5 of this Decision Document. The load
allocations were calculated after the determination of the WLA, and the Margin of Safety (MOS) (10%
of the loading capacity). Load allocations (e.g., stormwater runoff from agricultural land use practices
and feedlots, septic systems, wildlife inputs etc.) were not split among individual nonpoint contributors.
Instead, load allocations were combined into a categorical LA to cover all nonpoint source contributions.
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Table 5: Bacteria TMDLs for the Upper Big Muddy River Watershed are located at the end of
this Decision Document

Table 5 of this Decision Document reports multiple points on the loading capacity curve. However, the
components of the TMDL equation could be illustrated for any point on the entire loading capacity
curve. The LDC method can be used to display collected bacteria monitoring data and allows for the
estimation of load reductions necessary for attainment of the bacteria WQS. Using this method, daily
loads were developed based upon the flow in the water body. Loading capacities were determined for
the segment for multiple flow regimes. This allows the TMDL to be represented by an allowable daily
load across all flow conditions. Table 5 of this Decision Document identifies the loading capacity for the
water body at each flow regime. Although there are numeric loads for each flow regime, the actual LDC
is what is being approved for this TMDL.

Table 5 of the Decision Document presents IEPA’s loading reduction estimates for the bacteria TMDL.
These loading reductions (i.e., the percent reduction row at the bottom of each TMDL table) were
calculated from field sampling data collected within each individual bacteria impaired segment of the
UBMRW. IEPA explained that its load reduction estimates are likely more conservative since they are
based on a limited water quality data set.

EPA concurs with the data analysis and LDC approach utilized by IEPA in its calculation of loading
capacities, wasteload allocations, load allocations and the margin of safety for the bacteria TMDLs of
the UBMRW. The methods used for determining the TMDL are consistent with U.S. EPA technical

1
memos.

UBMRW dissolved oxygen impairment addressed via an ammonia-nitrogen TMDL: IEPA used the
Enhanced Stream Water Quality Model (QUALZ2E) to aid in its calculation of a dissolved oxygen
TMDL for the Lake Creek (IL. NGA-02) segment in the UBMRW. QUALZ2E is a steady-state, one-
dimensional water quality model which allows users to simulate fate and transport of water quality
parameters in stream environments while varying flow conditions of that stream environment. [EPA
explained that QUAL2E was chosen to define the relationship between external oxygen-demanding
loads and observed dissolved oxygen concentrations in the stream segments of the UBMRW (Section
4.1 of the final TMDL document).

IEPA used field dissolved oxygen measurements collected in September 2015 and other municipal water
quality data from the Johnston City Sewage Treatment Plant (STP) (ILG0029301) to run its QUAL2E
model simulations. Input loads were adjusted until the minimum dissolved oxygen load (5.0 mg/L) was
met and this process helped determine the loading capacity for the Lake Creek (IL. NGA-02) segment
(Table 6 of this Decision Document).

'U.S. Environmental Protection Agency. August 2007. An Approach for Using Load Duration Curves in the Development of
TMDLs. Office of Water. EPA-841-B-07-006. Washington, D.C.
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Table 6: Dissolved Oxygen TMDL - Lake Creek (IL_NGA-02)

Allocation Ammonia Nitrogen
(Ibs/day)
WLA - Johnson City STP (ILG0029301) 6.88
Wasteload Allocation TOTAL 6.88
Load Allocation 0.54
Margin of Safety (10%) 0.83
Loading Capacity 8.25

EPA supports the data analysis and modeling approach utilized by IEPA in its calculation of WLA, LA
and MOS for the dissolved oxygen TMDL. Additionally, EPA concurs with the loading capacities
calculated by the IEPA in its UBMRW dissolved oxygen TMDL. EPA finds IEPA’s approach for
calculating the loading capacity for its UBMIRW dissolved oxygen TMDL to be reasonable and
consistent with EPA guidance.

UBMRW iron TMDL: IEPA developed a LDC to calculate a iron TMDL for Andy Creek
(IL_NZN-13). The same LDC development strategy was employed for the iron TMDL as was used to
calculate the bacteria LDC values. IEPA used flow measurements from USGS gage #05597500 on Crab
Orchard Creek near Marion, IL and DAR calculations to estimate flows for Andy Creek (IL_ NZN-13)
which were employed in the creation of FDC and LDC for the iron TMDL. The FDC were transformed
into LDC by multiplying individual flow values by the iron TMDL target (1.0 mg/L) and then
multiplying that value by a conversion factor.

An iron TMDL was calculated (Table 7 of this Decision document) by IEPA. The LA value was
calculated after the determination of the WLA, and the MOS. Load allocations (e.g., stormwater runoff
from agricultural land use practices) was not split among individual nonpoint contributors. Instead, load
allocations were combined into one value to cover all nonpoint source contributions. Table 7 of this
Decision Document reports ten values (i.e., the midpoints of the 10-percent flow regimes) on the loading
capacity curve. However, the components of the TMDL equation could be illustrated for any point on
the entire loading capacity curve.

The LDC method can be used to display collected iron monitoring data and allows for the estimation of
load reductions necessary for attainment of the water quality standard. Using this method, daily loads
were developed based upon the flow in the water body. Loading capacities were determined for Andy
Creek (IL_NZN-13) for multiple flow regimes. This allows the TMDL to be represented by an allowable
daily load across all flow conditions. Although there are numeric loads for each flow regime, the LDC is
what is being approved for this TMDL.

Table 7: The iron TMDL for the Upper Big Muddy River Watershed is located at the end of this
Decision Document

EPA supports the data analysis and modeling approach utilized by IEPA in its calculation of WLA, LA
and MOS for the iron TMDL. Additionally, EPA concurs with the loading capacities calculated by the

IEPA in its UBMRW iron TMDL. EPA finds IEPA’s approach for calculating the loading capacity for

its UBMRW iron TMDL to be reasonable and consistent with EPA guidance.
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UBMRW manganese TMDL: IEPA developed a LDC to calculate a manganese TMDL for Beaver
Creek (IL_ NGAZ-JC-D1). The same LDC development strategy was employed for the manganese
TMDL as was used to calculate the bacteria and iron LDC values. IEPA used flow measurements from
USGS gage #05597500 on Crab Orchard Creek near Marion, IL and DAR calculations to estimate flows
for Beaver Creek (IL. NGAZ-JC-D1) which were employed in the creation of FDC and LDC for the
manganese TMDL. The FDC were transformed into LDC by multiplying individual flow values by the
manganese TMDL target (4.85 mg/L) and then multiplying that value by a conversion factor.

A manganese TMDL was calculated (Table 8 of this Decision document) by IEPA. The LA value was
calculated after the determination of the WLA, and the MOS. Load allocations (e.g., stormwater runoff
from agricultural land use practices) was not split among individual nonpoint contributors. Instead, load
allocations were combined into one value to cover all nonpoint source contributions. Table 8 of this
Decision Document reports ten values (i.e., the midpoints of the 10-percent flow regimes) on the loading
capacity curve. However, the components of the TMDL equation could be illustrated for any point on
the entire loading capacity curve.

The LDC method can be used to display collected iron monitoring data and allows for the estimation of
load reductions necessary for attainment of the water quality standard. Using this method, daily loads
were developed based upon the flow in the water body. Loading capacities were determined for Beaver
Creek (IL_ NGAZ-JC-D1) for multiple flow regimes. This allows the TMDL to be represented by an
allowable daily load across all flow conditions. Although there are numeric loads for each flow regime,
the LDC is what is being approved for this TMDL.

Table 8: The manganese TMDL for the Upper Big Muddy River Watershed is located at the end
of this Decision Document

EPA supports the data analysis and modeling approach utilized by IEPA in its calculation of WLA, LA
and MOS for the manganese TMDL. Additionally, EPA concurs with the loading capacities calculated
by the IEPA in its UBMRW manganese TMDL. EPA finds I[EPA’s approach for calculating the loading
capacity for its UBMIRW manganese TMDL to be reasonable and consistent with EPA guidance.

UBMRW total phosphorus TMDLs: IEPA used the U.S. Army Corps of Engineers (USACE)
BATHTUB model to calculate the loading capacities for the UBMRW TP TMDLs. The BATHTUB
model was utilized to link observed phosphorus water quality conditions and estimated phosphorus
loads to in-lake water quality estimates. IEPA has previously employed BATHTUB successfully in
other lake TMDLs in Illinois. BATHTUB is a steady-state annual or seasonal model that predicts a
lake’s growing season (e.g., June 1 to September 30) average surface water quality. BATHTUB utilizes
annual or seasonal time-scales which are appropriate because watershed TP loads are normally impacted
by seasonal conditions.

BATHTUB has built-in statistical calculations which account for data variability and provide a means
for estimating confidence in model predictions. BATHTUB employs a mass-balance TP model that
accounts for water and TP inputs from tributaries, direct watershed runoff, the atmosphere, and sources
internal to the lake, and outputs through the lake outlet, water loss via evaporation, and TP
sedimentation and retention in the lake sediments. BATHTUB provides flexibility to tailor model inputs
to specific lake morphometry, watershed characteristics and watershed inputs. The BATHTUB model
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also allows IEPA to assess different impacts of changes in nutrient loading. BATHTUB allows the user
the choice of several different mass-balance TP models for estimating loading capacity.

The loading capacity of the TP lake TMDLs were determined through the use of BATHTUB and the
Canfield-Bachmann subroutine and then allocated to the WLA, LA, and MOS (Section 4.3 of the
Decision Document). To simulate the load reductions needed to achieve the WQS, a series of model
simulations were performed. Each simulation reduced the total amount of TP entering each of the water
bodies during the growing season and computed the anticipated water quality response within the lake.
The goal of the modeling simulations was to identify the loading capacity appropriate (i.e., the
maximum allowable load to the system) necessary to attain WQS.

The BATHTUB modeling efforts were used to calculate the loading capacity for each lake. The loading
capacity is the maximum phosphorus load which each of these water bodies can receive over an annual
period and still meet the TP nutrient water quality targets (Table 9 of this Decision Document). Loading
capacities were determined using Canfield-Bachmann equations from BATHTUB. The model equations
were originally developed from data taken from over 704 lakes. The model estimates in-lake phosphorus
concentration by calculating net phosphorus loss (e.g., phosphorus sedimentation) from annual
phosphorus loads as functions of inflows to the lake, lake depth, and hydraulic flushing rate. To estimate
loading capacity, the model is rerun, each time reducing current loads to the lake until the model result
shows that in-lake total phosphorus would meet the applicable water quality standards.

IEPA subdivided the loading capacity among the WLA, LA, and MOS components of the TMDL (Table
9 of this Decision Document). These calculations were based on the critical condition, the summer
growing season, which is typically when the water quality in each lake is typically degraded and
phosphorus loading inputs are the greatest.

Table 9: Total Phosphorus TMDLs for the Upper Big Muddy River Watershed

Allocation Total Phosphorus
(kg/day) \ (Ibs./day)
Herrin Old Reservior (IL_RNZD)
Wasteload Allocation 0.00 0.00
Load Allocation 0.21 0.46
Margin of Safety (10%) 0.02 0.05
Loading Capacity 0.23 0.51
Johnson City Reservoir (IL_RNZE)
Wasteload Allocation 0.00 0.00
Load Allocation 0.43 0.95
Margin of Safety (10%) 0.05 0.11
Loading Capacity 0.48 1.06
Arrowhead (Williamson) Reservoir (IL_RNZX)
Wasteload Allocation 0.000 0.000
Load Allocation 0.076 0.170
Margin of Safety (10%) 0.008 0.020
Loading Capacity 0.084 0.190
West Frankfort Old Reservoir (IL_RNP)
Wasteload Allocation 0.00 0.00
Load Allocation 0.45 0.98
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Margin of Safety (10%) 0.05 0.11
Loading Capacity 0.50 1.09
West Frankfort New Reservoir (IL_RNQ)
WLA - Thompsonville STP (IL0072478) 0.73 1.6
Wasteload Allocation - TOTAL 0.73 1.6
Load Allocation 0.09 0.2
Margin of Safety (10%) 0.09 0.2
Loading Capacity 0.91 2.0

EPA supports the data analysis and modeling approach utilized by IEPA in its calculation of WLA, LA
and MOS for the total phosphorus TMDLs. Additionally, EPA concurs with the loading capacities
calculated by the IEPA in its UBMRW total phosphorus TMDLs. EPA finds IEPA’s approach for
calculating the loading capacity for its UBMIRW total phosphorus TMDLs to be reasonable and
consistent with EPA guidance.

The EPA finds that the TMDL document submitted by IEPA satisfies the requirements of the third
criterion.

4. Load Allocations (LA)

EPA regulations require that a TMDL include LAs, which identify the portion of the loading capacity
attributed to existing and future nonpoint sources and to natural background. Load allocations may range
from reasonably accurate estimates to gross allotments (40 C.F.R. §130.2(g)). Where possible, load
allocations should be described separately for natural background and nonpoint sources.

Comment:

IEPA determined the LA calculations for each of the TMDLs based on the applicable WQS. IEPA
recognized that LAs for each of the individual TMDLs addressed by the UBMRW TMDLs can be
attributed to different nonpoint sources. The calculated LA values for the are applicable across all flow
conditions (Tables 5-9 of this Decision Document). IEPA identified several nonpoint sources which
contribute bacteria and phosphorus loads to the surface waters of the UBMRW, including; non-regulated
urban stormwater runoff, stormwater from agricultural and feedlot areas, failing septic systems and
wildlife (i.e., deer, geese, ducks, raccoons, turkeys and other animals). For the iron and manganese
TMDLs, IEPA identified agricultural runoff and mining related runoff as nonpoint sources. For the
dissolved oxygen TMDL, which was addressed via an ammonia-nitrogen loading calculation, IEPA
noted that nonpoint source runoff is not a significant source (Table 6 of this Decision Document) of the

loading capacity, but nonpoint sources why may contribute are agricultural runoff, septic inputs and
wildlife.

IEPA did not determine individual load allocation values for each of these potential nonpoint source
considerations but aggregated the nonpoint sources into a categorical LA value.

EPA finds IEPA’s approach for calculating the LA to be reasonable and consistent with EPA guidance.

The EPA finds that the TMDL document submitted by IEPA satisfies the requirements of the fourth
criterion.
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5. Wasteload Allocations (WLAS)

EPA regulations require that a TMDL include WLAs, which identify the portion of the loading capacity
allocated to individual existing and future point source(s) (40 C.F.R. §130.2(h), 40 C.F.R. §130.2(1)). In
some cases, WLAs may cover more than one discharger, e.g., if the source is contained within a general
permit.

The individual WLAs may take the form of uniform percentage reductions or individual mass based
limitations for dischargers where it can be shown that this solution meets WQSs and does not result in
localized impairments. These individual WLAs may be adjusted during the NPDES permitting process.
If the WLAs are adjusted, the individual effluent limits for each permit issued to a discharger on the
impaired water must be consistent with the assumptions and requirements of the adjusted WLAs in the
TMDL. If the WLAs are not adjusted, effluent limits contained in the permit must be consistent with the
individual WLAs specified in the TMDL. If a draft permit provides for a higher load for a discharger
than the corresponding individual WLA in the TMDL, the State/Tribe must demonstrate that the total
WLA in the TMDL will be achieved through reductions in the remaining individual WLAs and that
localized impairments will not result. All permittees should be notified of any deviations from the initial
individual WLAs contained in the TMDL. EPA does not require the establishment of a new TMDL to
reflect these revised allocations as long as the total WLA, as expressed in the TMDL, remains the same
or decreases, and there is no reallocation between the total WLA and the total LA.

Comment:

UBMRW bacteria TMDLs: IEPA identified ten NPDES permitted facilities (Table 3 of this Decision
Document) which contribute bacteria loads to the UBMRW bacteria TMDLs (Table 5 of this Decision
Document). For most of the calculated WLAs, the WLA was calculated based on the facility’s design
average flow and the fecal coliform WQS (200 cfu/100 mL).

UBMRW dissolved oxygen impairment addressed via an ammonia-nitrogen TMDL: IEPA
determined that there was one NPDES permitted facility, the Johnson City STP (IL0029301), which
contributed ammonia-nitrogen loading to the Lake Creek (IL_ NGA-02) segment and therefore,
calculated a WLA for this facility. The WLA was based on the permitted design average flow for the
facility and the facility’s current NPDES effluent limit concentration for ammonia nitrogen (1.5 mg/L)
(Table 5-1 of the final TMDL document).

UBMRW iron TMDL: The WLA was set to zero (WLA = 0) for the Andy Creek (IL_ NZN-13) iron
TMDL.

UBMRW manganese TMDL.: The WLA was set to zero (WLA = 0) for the Beaver Creek (IL NGAZ-
JC-D1) manganese TMDL.

UBMRW total phosphorus TMDLs: IEPA determined that there was one NPDES permitted facility,
the Thompsonville STP (IL0072478), which contributed phosphorus loading to the West Frankfort New
Reservoir segment and therefore, calculated a WLA for this facility. The WLA was based on the
facility’s design average flow and the target effluent concentration for the facility (1.0 mg/L) (Section
5.11.2 of the final TMDL document).
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The other four total phosphorus TMDLs, Herrin Old Reservoir (IL. RNZD), Johnson City Reservoir
(IL_RNZE), Arrowhead (Williamson) Reservoir (IL_ NRZX) and West Frankfort Old Reservoir
(IL_RNP) had WLAs set to zero (WLA =0).

EPA finds IEPA’s approach for calculating the WLA for the UBMRW TMDLs to be reasonable and
consistent with EPA guidance.

The EPA finds that the TMDL document submitted by IEPA satisfies the requirements of the fifth
criterion.

6. Margin of Safety (MOS)

The statute and regulations require that a TMDL include a margin of safety (MOS) to account for any
lack of knowledge concerning the relationship between load and wasteload allocations and water quality
(CWA §303(d)(1)(C), 40 C.F.R. §130.7(c)(1)). EPA’s 1991 TMDL Guidance explains that the MOS
may be implicit, i.e., incorporated into the TMDL through conservative assumptions in the analysis, or
explicit, i.e., expressed in the TMDL as loadings set aside for the MOS. If the MOS is implicit, the
conservative assumptions in the analysis that account for the MOS must be described. If the MOS is
explicit, the loading set aside for the MOS must be identified.

Comment:

All TMDLs in the UBMRW incorporated an explicit Margin of Safety (MOS) of 10%. The explicit
MOS was applied by reserving approximately 10% of the total loading capacity, and then allocating the
remaining loads to point (WLA) and nonpoint sources (LA) (Tables 5-9 of this Decision Document).

The use of the LDC approach minimized variability associated with the development of the UBMRW
TMDLs because the calculation of the loading capacity was a function of flow multiplied by the target
value. The MOS was set at 10% to account for uncertainty due to field sampling error, basing
assumptions on water quality monitoring with low sample sizes, and imperfect water quality targets. A
10% MOS was considered appropriate, because the target values used in this TMDL had a firm
technical basis and the estimated flows are believed to be relatively accurate because they were
estimated based on a USGS gage located with or just outside of the subwatershed with the impaired
segments.

The margin of safety is appropriate because the use of the LDC provides an accurate account of existing
stream conditions (calculated by multiplying daily flows by existing pollutant levels), and an accurate
account of the stream’s loading capacity (calculated by multiplying daily flows by the appropriate water
quality target). In other words, there is a good fit between observed (existing) data and predicted data
using the LDC approach, thus providing a relatively accurate determination of the TMDL reductions
needed. IEPA accounts for any uncertainty in this method by incorporating the MOS.

For the total phosphorus TMDLs, IEPA also noted that an implicit MOS is included in the loadings.

IEPA believes the default values used in the BATHTUB model are conservative, as they are based upon
a wide range of lakes and reservoirs in the East and Midwest.
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UBMRW bacteria TMDLs:

An additional conservative assumption which was applied to the bacteria TMDL development was that
IEPA did not use a rate of decay, or die-off rate of pathogen species, in the TMDL calculations or in the
creation of load duration curve for fecal coliform. Bacteria have a limited capability of surviving outside
their hosts, and normally a rate of decay would be incorporated into the TMDL development process.
IEPA determined that it was more conservative to use the WQS (200 cfu/100 mL) and not to apply a
rate of decay, which could result in a discharge limit greater than the WQS.

As stated in EPA’s Protocol for Developing Pathogen TMDLs (EPA 841-R-00-002), many different
factors affect the survival of pathogens, including the physical condition of the water. These factors
include, but are not limited to sunlight, temperature, salinity, and nutrient deficiencies. These factors
vary depending on the environmental condition/circumstances of the water, and therefore it would be
difficult to assert that the rate of decay caused by any given combination of these environmental
variables was sufficient to meet the WQS of 200 cfu/100 mL. Thus, it is more conservative to apply the
State's WQS as the water quality target for TMDL development, because this standard must be met at all
times under all environmental conditions.

The EPA finds that the TMDL document submitted by IEPA contains an appropriate MOS satisfying the
requirements of the sixth criterion.

7. Seasonal Variation

The statute and regulations require that a TMDL be established with consideration of seasonal
variations. The TMDL must describe the method chosen for including seasonal variations.
(CWA §303(d)(1)(C), 40 C.F.R. §130.7(c)(1)).

Comment:

IEPA properly accounted for seasonality for the bacteria, iron and manganese TMDLs by use of the
LDC method (or the related loading capacity approach), which inherently accounts for seasonal
variation by using daily flows over a multi-year period (Section 5 of the TMDL). LDC process for
TMDL development efforts accounted for seasonal variation by utilizing streamflows over a wide range
of flow conditions. For many of the LDC-based TMDLs in the UBMRW, runoff is the main transport
mechanism which delivers pollutant loading into surface water environments. LDC graphs can provide
insight toward understanding under which flow regimes/conditions exceedances of the WQS or water
quality targets are occurring, and whether there is any seasonal flow component to those flow conditions
(i.e., spring melt, summer precipitation events during lower flow periods, etc.)

As an example, bacterial loads vary by season, typically reaching higher numbers in the dry summer
months when low flows and bacterial growth rates contribute to their abundance and reaching relatively
lower values in colder months when bacterial growth rates attenuate and loading events, driven by
stormwater runoff events aren’t as frequent. Bacterial WQS need to be met between May 1% to October
31%, regardless of the flow condition. The development of the LDCs utilized estimated flow data from
the nearby USGS gages (Table 27 of the final TMDL document). Flow data from the USGS gages
represent a variety of flow conditions occurring in the recreation season. LDCs incorporated this flow
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information which was deemed representative of differing flow conditions and seasonal variability
observed during the recreation season.

IEPA properly accounted for seasonality in the phosphorus TMDLs by use of monthly average
precipitation records over a multi-year period in the BATHTUB model (Sections 5.11 of the TMDL).
EPA agrees that this properly accounts for seasonal variations.

The EPA finds that the TMDL document submitted by IEPA satisfies the requirements of the seventh
criterion.

8. Reasonable Assurance

When a TMDL is developed for waters impaired by point sources only, the issuance of a NPDES
permit(s) provides the reasonable assurance that the wasteload allocations contained in the TMDL will
be achieved. This is because 40 C.F.R. 122.44(d)(1)(vii)(B) requires that effluent limits in permits be
consistent with, “the assumptions and requirements of any available wasteload allocation” in an
approved TMDL.

When a TMDL is developed for waters impaired by both point and nonpoint sources, and the WLA is
based on an assumption that nonpoint source load reductions will occur, EPA’s 1991 TMDL Guidance
states that the TMDL should provide reasonable assurances that nonpoint source control measures will
achieve expected load reductions in order for the TMDL to be approvable. This information is necessary
for EPA to determine that the TMDL, including the load and wasteload allocations, has been established
at a level necessary to implement water quality standards.

EPA’s August 1997 TMDL Guidance also directs Regions to work with States to achieve TMDL load
allocations in waters impaired only by nonpoint sources. However, EPA cannot disapprove a TMDL for
nonpoint source-only impaired waters, which do not have a demonstration of reasonable assurance that
LAs will be achieved, because such a showing is not required by current regulations.

Comment:

IEPA outlines its reasonable assurance efforts in Section 7 of the final TMDL document. Additionally,
the Watershed Implementation Plan to Achieve the TMDLs and Load Reduction Strategy in the Upper
Big Muddy River Watershed (March 2019) document (i.e., the UBMRW Implementation Plan) from
IEPA outlines management measures and programs which will be employed to attain the loading
capacities and allocations calculated for the impaired reaches within the UBMRW. The UBMRW
Implementation Plan was developed to meet EPA’s required Nine Minimum Elements of a watershed
management plan (i.e., the Nine Element Plan).

The recommendations made by IEPA will be successful at improving water quality if a local group takes
ownership and follows through on implementation activities. Currently the UBMRW does not have a
primary watershed group to take on these, and other tasks. IEPA recommends that a watershed group be
formed with stakeholders from Lake Creek Watershed Council, the Great Egypt Regional Planning and
Development Commission, NRCS, local county Soil and Water Conservation Districts (SWCD) (e.g.,

23



Franklin County SWCD), IEPA, county level Health Departments, the Illinois Farm Bureau and other
farm service agencies and other interested local parties.

The UBMRW Implementation Plan anticipates that implementation will begin in the watershed, via
BMPs and education and outreach programming, in the coming years. IEPA also explained that
mitigation suggestions, which fall outside of regulatory authority, will require commitment from state
agencies and local stakeholders to carry out the suggested actions.

Reasonable assurance that the WLA set forth will be implemented is provided by regulatory actions.
According to 40 CFR 122.44(d)(1)(vii)(B), NPDES permit effluent limits must be consistent with
assumptions and requirements of all WLAs in an approved TMDL. IEPA’s NPDES permit program is
one of the implementing programs for ensuring WLA are consistent with the TMDL. Current NPDES
permits will remain in effect until the permits are reissued, provided that IEPA receives the NPDES
permit renewal application prior to the expiration date of the existing NPDES permit.

Reasonable assurances that nonpoint source reductions will be achieved for all pollutants are described
in Section 7 of the final TMDL document and also in greater detail in the UBMRW Implementation
Plan. The UBMRW TMDL implementation efforts will be achieved through federal, state and local
action. Federal funding, via the Section 319 grants program, can provide money to implement voluntary
nonpoint source programs within the UBMRW.

The UBMRW Implementation Plan outlines various BMPs that, when implemented will reduce
pollutant inputs to surface waters of the UBMRW. In Table 4-7 of the UBMRW Implementation Plan
document, IEPA lists site-specific BMP costs and the expected acreage which specific BMPs will be
employed in the UBMRW. In Section 4.6 of the UBMRW Implementation Plan, IEPA describes
financial programming which may assist with funding implementation activities in the UBMRW. These
programs include USDA-NRCS Environmental Quality Incentives Program (EQIP), USDA-NRCS
Conservation Stewardship Program (CSP), USDA-NRCS Agricultural Conservation Easement Program
(ACEP), USDA-NRCS Conservation Reserve Program (CRP), the Conservation Reserve Enhancement
Program (CREP) and other programs at the state level. Table 6-2 of the UBMRW Implementation Plan
provides an estimated implementation schedule of actions and activities in the watershed that can reduce
bacteria loads into water bodies in the UBMRW. These actions address immediate (1-4 years), mid-term
(5-10 years) and long-term (continuous) timeframes.

The EPA finds that this criterion has been adequately addressed.

0. Monitoring Plan to Track TMDL Effectiveness

EPA’s 1991 document, Guidance for Water Quality-Based Decisions: The TMDL Process (EPA 440/4-
91-001), recommends a monitoring plan to track the effectiveness of a TMDL, particularly when a
TMDL involves both point and nonpoint sources, and the WLA is based on an assumption that nonpoint
source load reductions will occur. Such a TMDL should provide assurances that nonpoint source
controls will achieve expected load reductions and, such TMDL should include a monitoring plan that
describes the additional data to be collected to determine if the load reductions provided for in the
TMDL are occurring and leading to attainment of water quality standards.
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Comment:

Section 7 of the UBMRW Implementation Plan includes contains discussion on future monitoring
within the UBMRW and milestones. Continued water quality monitoring within the basin is supported
by IEPA. Additional water quality monitoring results could provide insight into the success or failure of
BMP systems designed to reduce bacteria loading into the surface waters of the watershed. Local
watershed managers would be able to reflect on the progress of the various pollutant removal strategies
and would have the opportunity to change course if observed progress is unsatisfactory.

Progress of TMDL implementation will be measured through monitoring efforts focused on:
e Tracking implementation of BMPs in the watershed;
e Estimating the effectiveness of BMPs;
e Additional monitoring of point source discharges in the watershed,
e Continued monitoring of impaired stream segments and tributaries;
Monitoring storm-based high flow events; and
Low flow monitoring in impaired stream segments.

IEPA anticipates continuing its ambient water quality monitoring in the UBMRW. The state conducts
routine water quality monitoring (i.e., physical, chemical and biological parameters) on a rotating
watershed basis. In addition to state efforts USACE, U.S. Geological Survey (USGS) and various
wastewater treatment facilities are expected to continue their monitoring efforts in the UBMRW.
Continuation of IEPA water quality monitoring efforts and coordinating data sharing with other entities
in the UBMRW (e.g., USACE and USGS) will provide some water quality information for IEPA and
local watershed managers to evaluate whether nor not water quality is improving in the UBMRW over
time.

Water quality monitoring is a critical component of the adaptive management strategy employed as part
of the implementation efforts utilized in the UBMRW. Water quality information will aid watershed
managers in understanding how BMP pollutant removal efforts are impacting water quality. Water
quality monitoring combined with an annual review of BMP efficiency will provide information on the
success or failure of BMP systems designed to reduce pollutant loading into water bodies of the
UBMRW. Watershed managers will have the opportunity to reflect on the progress or lack of progress
and will have the opportunity to change course if progress is unsatisfactory.

The EPA finds that this criterion has been adequately addressed.

10.  Implementation

EPA policy encourages Regions to work in partnership with States/Tribes to achieve nonpoint source
load allocations established for 303(d)-listed waters impaired by nonpoint sources. Regions may assist
States/Tribes in developing implementation plans that include reasonable assurances that nonpoint
source LAs established in TMDLs for waters impaired solely or primarily by nonpoint sources will in
fact be achieved. In addition, EPA policy recognizes that other relevant watershed management
processes may be used in the TMDL process. EPA is not required to and does not approve TMDL
implementation plans.
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Comment:

IEPA outlined its approach to addressing point and nonpoint source pollution in its UBMRW
Implementation Plan (Section 4). The findings from the UBMRW TMDLs will be used to inform the
selection of implementation activities in the UBMRW. IEPA outlined the importance of prioritizing
areas within the UBMRW, education and outreach efforts with local partners, and partnering with local
stakeholders to improve water quality within the watershed.

UBMRW bacteria TMDLs:
The potential BMPs which, if installed and maintained in identified critical areas, would likely result in
decreases in bacteria to surface waters of the UBMRW are:

o Filter strips and riparian buffers— Can filter storm event runoff from cropland via vegetation
which enhances infiltration and traps pollutant loads from overland flow.

e Exclusion fencing — Reducing livestock access to stream environments will lower the
opportunity for direct transport of bacteria to surface waters. The installation of exclusion
fencing near stream and river environments to prevent direct access for livestock

o Feedlot BMPs - installing alternative water supplies, and installing stream crossings between
pastures, would work to reduce the influxes of bacteria and improve water quality within the
watershed.

e Private septic system inspection and maintenance program - Septic systems are believed to be a
source of bacteria to waters in the UBMRW. Failing systems are expected to be identified and
addressed via upgrades to those septic systems not meeting local health ordinances. Septic
system improvement priority should be given to those failing systems adjacent to surface waters
(i.e., streams or lakes).

e Pasture management - Introducing rotational grazing to increase grass coverage in pastures and
maintaining appropriate numbers of livestock per acre for grazing, can also aid in the reduction
of bacteria inputs.

o Agricultural stormwater BMPs — Conservation tillage and or cover crop usage will slow
overland flow during storm events.

UBMRW dissolved oxygen impairment addressed via an ammonia-nitrogen TMDL.:

IEPA explained in its Watershed Implementation Plan to Achieve the TMDLs and Load Reduction
Strategy in the Upper Big Muddy River Watershed document (Section 1) that the primary source of
impairment for the Lake Creek (IL_ NGA-02) segment was from the Johnson City STP (IL0029301) and
that implementation efforts would focus on improving the performance of this permitted facility.

UBMRW iron TMDL.: The potential BMPs which, if installed and maintained, would likely result in
decreases in iron to surface waters of the UBMRW are:

o  Filter strips, riparian buffers, bank stabilization and erosion control — Protection of
streambanks within the watershed through planting of vegetated/buffer areas with grasses,
legumes, shrubs or trees will mitigate sediment, with iron bound particulates, inputs into surface
waters. These areas will filter stormwater runoff before the runoff enters the surface waters of the
UBMRW. These BMPs can filter storm event runoff from cropland via vegetation which
enhances infiltration and traps pollutant loads from overland flow.

o Agricultural stormwater BMPs — Conservation tillage and or cover crop usage will slow
overland flow during storm events.
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e Sediment basins — Can be effective measures to capture sediment inputs via structurally
engineered detention basins prior to those sediment inputs entering surface water environments
in the UBMRW.

UBMRW manganese TMDL: The potential BMPs which, if installed and maintained, would likely
result in decreases in manganese to surface waters of the UBMRW are:

o Filter strips, riparian buffers, bank stabilization and erosion control — Protection of
streambanks within the watershed through planting of vegetated/buffer areas with grasses,
legumes, shrubs or trees will mitigate sediment, with manganese bound particulates, inputs into
surface waters. These areas will filter stormwater runoff before the runoff enters the surface
waters of the UBMRW. These BMPs can filter storm event runoff from cropland via vegetation
which enhances infiltration and traps pollutant loads from overland flow.

o Agricultural stormwater BMPs — Conservation tillage and or cover crop usage will slow
overland flow during storm events.

e Sediment basins — Can be effective measures to capture sediment inputs via structurally
engineered detention basins prior to those sediment inputs entering surface water environments
in the UBMRW.

UBMRW total phosphorus TMDLs: The potential BMPs which, if installed and maintained, would
likely result in decreases in phosphorus to surface waters of the UBMRW are:

o Filter strips, riparian buffers, bank stabilization and erosion control — Protection of
streambanks within the watershed through planting of vegetated/buffer areas with grasses,
legumes, shrubs or trees will mitigate phosphorus inputs into surface waters. These areas will
filter stormwater runoff before the runoff enters the surface waters of the UBMRW. An
assessment of lakeshore erosional areas should be completed to evaluate areas where erosion
control strategies (e.g., planting deep-rooted vegetation in areas thought to be eroding) could be
implemented in the watersheds which drain to the five phosphorus impaired water bodies.

e Nutrient management — These strategies involve reducing nutrient transport from fields and
minimizing soil loss. Specific practices would include; erosion control through conservation
tillage, reduction of winter spreading of fertilizers, elimination of fertilizer spreading near open
inlets and sensitive areas, installation of stream and lake shore buffer strips and nutrient
management planning.

e Phosphorus-based lawn fertilizer restrictions — Runoff from urban and suburban areas may
include phosphorus-based fertilizers. Reducing stormwater input from residential lawns, golf
courses and other urban/suburban surfaces will reduce the phosphorus inputs to surface waters.
Some of these practices could include; rain gardens, municipal street sweeping efforts, lake shore
buffer strips, vegetation management and water quality educational programs which aim to
inform the general public on nutrient reduction efforts and their impact on water quality.

o Private septic system inspection and maintenance program - Septic systems are believed to be a
source of nutrients to waters in the UBMRW. Failing systems are expected to be identified and
addressed via upgrades to those septic systems not meeting local health ordinances. Septic
system improvement priority should be given to those failing systems adjacent to surface waters
(i.e., streams or lakes).

o In-lake phosphorus loading (internal loading) - Internal nutrient loads may be addressed to
meet the TMDL allocations of the UBMRW phosphorus TMDLs.
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o Hypolimnetic aeration: Increasing oxygen at selected depths in a lake may enhance
oxygen transfer efficiencies and reduce internal loading from phosphorus laden lake
bottom sediments.

o Phosphorus inactivation from aluminum addition (i.e., aluminum sulfate or alum): The
addition of chemical reactants (e.g., aluminum sulfate) in order for those reactants to
permanently bind phosphorus into the lake bottom sediments. This effort could decrease
phosphorus releases from sediment into the lake water column during anoxic conditions.

o Dredging of lake bottom sediments: IEPA explained that phosphorus release from lake
bottom sediments is greatest from the recently deposited phosphorus rich layers of lake
sediments. Removing this material, via dredging efforts, will contribute to reductions in
internal loading.

Education and Outreach Efforts - Increased education and outreach efforts to the general public bring
greater awareness to the issues surrounding bacteria, dissolved oxygen, iron, manganese and phosphorus
contamination and strategies for reducing loading and transport of these pollutants should be prioritized
as part of the overall implementation strategy.

The EPA finds that this criterion has been adequately addressed.

11. Public Participation

EPA policy is that there should be full and meaningful public participation in the TMDL development
process. The TMDL regulations require that each State/Tribe must subject calculations to establish
TMDLs to public review consistent with its own continuing planning process

(40 C.F.R. §130.7(c)(1)(i1)). In guidance, EPA has explained that final TMDLs submitted to EPA for
review and approval should describe the State’s/Tribe’s public participation process, including a
summary of significant comments and the State’s/Tribe’s responses to those comments. When EPA
establishes a TMDL, EPA regulations require EPA to publish a notice seeking public comment

(40 C.F.R. §130.7(d)(2)).

Provision of inadequate public participation may be a basis for disapproving a TMDL. If EPA
determines that a State/Tribe has not provided adequate public participation, EPA may defer its approval
action until adequate public participation has been provided for, either by the State/Tribe or by EPA.

Comment:

The public participation section of the TMDL submittal is found in Section 8 of the final TMDL
document. Throughout the development of the UBMRW TMDLs the public was given various
opportunities to participate. Initial UBMRW TMDL public meetings were held in November and
December of 2013 in West Frankfort, Illinois. IEPA described the watershed plan, the TMDL process
and answered questions posed by those in attendance. The public comment period for the draft TMDL
opened on November 15, 2018 and concluded on December 15, 2018. IEPA posted the draft TMDL
online at (https://www2.illinois.gov/epa/public-
notices/Documents/1_UpperBigMuddy Stage3 Draft%20Report 20181015 clean.pdf) for the public
comment period. IEPA held a public meeting on November 15, 2018 in West Frankfort, IL to present its
public notice TMDL draft and discuss its findings.
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IEPA received public comments during the public comment period and those comments are presented in
Attachment 8 of the final TMDL document. IEPA’s responses to those comments are presented in
Attachment 9 of the final TMDL document in IEPA’s UBMRW Responsiveness Summary. Many of the
comments were related to southern Illinois mining topics with a majority of the commenters concerned
about the impact of active and closed mining operations on surface water quality (i.e., impact of
increased chloride and sulfate discharges to surface waters in the UBMRW), surface water quantity (i.e.,
flooding), potential loss of recreational opportunities, potential loss of biological diversity in the
UBMRW (i.e., diminished fish species and freshwater mussel population) and potential property loss
and/or negative impacts of proposed mining permit revisions.

Commenters also requested clarification and additional description related to;

e [EPA’s selection of water quality targets used to develop TMDL and Load Reduction Strategy
endpoints;

e [EPA’s rationale for removing segments from its 303(d) list for sulfate;

e [EPA’s analysis of dissolved oxygen data and its use of DO data in its QUAL-2E modeling
efforts;

e [EPA’s efforts to address NPDES permit violations for certain permittees in the UBMRW and

e Various shortcomings identified by the commenters in IEPA’s UBMRW Implementation Plan
(e.g., source and monitoring discussion deficiencies, funding and reasonable assurance
discussion deficiencies, etc.)

EPA reviewed the comments and IEPA responses and determined that IEPA responded to the comments
and adjusted the UBMRW TMDL and UBMRW Implementation Plan accordingly. In response to
comments, IEPA included a TMDL addressing chloride for Pond Creek (IL. NG-02) as part of its final
April 29, 2019 UBMRW TMDL submittal but as noted in Section 12 of this Decision Document,
subsequently withdrew the chloride TMDL for the Pond Creek segment. IEPA submitted all comments
received during the public notice period and its response summary with the final TMDL submittal
packet received by the EPA on April 29, 2019.

The EPA finds that the TMDL document submitted by IEPA satisfies the requirements of this eleventh
element.

12. Submittal Letter

A submittal letter should be included with the TMDL submittal, and should specify whether the TMDL
is being submitted for a technical review or final review and approval. Each final TMDL submitted to
EPA should be accompanied by a submittal letter that explicitly states that the submittal is a final TMDL
submitted under Section 303(d) of the Clean Water Act for EPA review and approval. This clearly
establishes the State’s/Tribe’s intent to submit, and EPA’s duty to review, the TMDL under the statute.
The submittal letter, whether for technical review or final review and approval, should contain such
identifying information as the name and location of the water body, and the pollutant(s) of concern.
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Comment:

The EPA received the final Upper Big Muddy River watershed TMDL document, submittal letter and
accompanying documentation from IEPA on April 29, 2019. The submittal letter explicitly stated that
the final TMDLs referenced in Table 1 of this Decision Document were being submitted to EPA
pursuant to Section 303(d) of the Clean Water Act for EPA review and approval. The submittal letter
also included the name and location of the water bodies and the causes/pollutants of concern. This
TMDL was submitted per the requirements under Section 303(d) of the Clean Water Act and 40 CFR
130.

IEPA shared a letter with EPA on May 6, 2019 which formally withdrew a chloride TMDL for Pond
Creek (IL_NG-02) which was included in the final April 29, 2019 UBMRW TMDL submittal. IEPA
explained that it would re-submit the Pond Creek chloride TMDL to EPA after IEPA had completed a
public notice period for this TMDL and supporting documentation.

The EPA finds that the TMDL transmittal letter submitted for the Upper Big Muddy River watershed
TMDLs by IEPA satisfies the requirements of this twelfth element.

13. Conclusion

After a full and complete review, the EPA finds that the two (2) bacteria, one (1) dissolved oxygen, 1
iron, 1 manganese and five (5) total phosphorus TMDLs satisfy all elements of approvable TMDLs.
This TMDL approval is for 10 TMDLs, addressing segments for primary contact recreation use, aquatic
life use and aesthetic quality impairments (Table 1 of this Decision Document).

The EPA’s approval of these TMDLs extends to the water bodies which are identified above with the
exception of any portions of the water bodies that are within Indian Country, as defined in 18 U.S.C.
Section 1151. The EPA is taking no action to approve or disapprove TMDLs for those waters at this
time. The EPA, or eligible Indian Tribes, as appropriate, will retain responsibilities under the CWA
Section 303(d) for those waters.
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ATTACHMENTS

Attachment #1: Table 5: Bacteria TMDLs for the Upper Big Muddy River Watershed

Attachment #2: Table 7: Iron TMDL for the Upper Big Muddy River Watershed

Attachment #3: Table 8: Manganese TMDL for the Upper Big Muddy River Watershed

Table 5: Bacteria TMDLs in the Upper Big Muddy River Watershed

Flow Zone High Flows Normal Flows Low Flows
Allocation Flow Exceedance | o 0 | 19_20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70-80 | 80-90 | 90-100
Range (%)
Source Fecal coliform load (colony forming units (cfu)/day)
Upper Big Muddy River (IL_N-11)

WLA('ILVéggggg 6.06E+08 | 6.06E+08 | 6.06E+08 | 6.06E+08 | 6.06E+08 | 6.06E+08 | 6.06E+08 | 6.06E+08 | 6.06E+08 | 6.06E+08
WLA'ngtcgg)zsg 7.57E+08 | 7.57E+08 | 7.57E+08 | 7.57E+08 | 7.57E+08 | 7.57E+08 | 7.57E+08 | 7.57E+08 | 7.57E+08 | 7.57E+08
WLA'H(?Egggézslel; 3.18E+08 | 3.18E+08 | 3.1SE+08 | 3.18E+08 | 3.18E+08 | 3.18E+08 | 3.18E+08 | 3.18E+08 | 3.18E+08 | 3.1SE+08

WLA('ISggggzsg 5.69E+08 | 5.69E+08 | 5.69E+08 | 5.69E+08 | 5.69E+08 | 5.69E+08 | 5.69E+08 | 5.69E+08 | 5.69E+08 | 5.69E+08

Wasteload WLA - LB Camping
X Sesser STP | 3.86E+07 | 3.86E+07 | 3.86E+07 | 3.86E+07 | 3.86E+07 | 3.86E+07 | 3.86E+07 | 3.86E+07 | 3.86E+07 | 3.86E+07
Allocation
(IL0050466)

WLA - Hill City

Apartments - Benton | 3.03E+07 | 3.03E+07 | 3.03E+07 | 3.03E+07 | 3.03E+07 | 3.03E+07 | 3.03E+07 | 3.03E+07 | 3.03E+07 | 3.03E+07
(IL0061760)

WLA - Rend Lake
Conservation District | 3.79E+09 | 3.79E+09 | 3.79E+09 | 3.79E+09 | 3.79E+09 | 3.79E+09 | 3.79E+09 | 3.79E+09 | 3.79E+09 | 3.79E+09

STP (IL0065111)

WLA - Christopher

STP (1L0020851) | 5-81E09 | SSIE+09 | S8IE+09 | S8IE+09 | S8IEH09 | SSIE+09 | S.81E+09 | SSIE+09 | SSIE+09 | 581E+09




WLA - Benton
Northwest STP
(IL0022365)

7.65E+09

7.65E+09 | 7.65E+09

7.65E+09 | 7.65E+09 | 7.65E+09

7.65E+09

7.65E+09

7.65E+09

7.65E+09

WLA - West Frankfort
STP (IL0031704)

1.06E+10

1.06E+10 | 1.06E+10

1.06E+10 | 1.06E+10 | 1.06E+10

1.06E+10

1.06E+10

1.06E+10

1.06E+10

Wasteload Allocation
Total

3.02E+10

3.02E+10 | 3.02E+10

3.02E+10 | 3.02E+10 | 3.02E+10

3.02E+10

3.02E+10

3.02E+10

3.02E+10

Load Allocation

3.53E+13

2.95E+12 | 1.24E+12

7.25E+11 | 427E+11 | 2.48E+11

1.41E+11

7.71E+10

4.73E+10

3.14E+10

Margin of Safety

Implicit MOS

Loading Capacity

3.53E+13

2.98E+12 | 1.27E+12

7.55E+11 | 4.57E+11 | 2.78E+11

1.71E+11

1.07E+11

7.75E+10

6.16E+10

Percent Reduction

95.6%

94.4%

4.8%

Upper Big M

uddy River (IL_NH-06)

WLA - Hanaford STP
(ILG580221)

3.18E+08

3.18E+08 | 3.18E+08

3.18E+08 | 3.18E+08 | 3.18E+08

3.18E+08

3.18E+08

3.18E+08

3.18E+08

WLA - Hill City
Apartments - Benton

Wasteload (IL0061760)

3.03E+07

3.03E+07 | 3.03E+07

3.03E+07 | 3.03E+07 | 3.03E+07

3.03E+07

3.03E+07

3.03E+07

3.03E+07

Allocation WLA - Rend Lake
Conservation District

STP (IL0065111)

3.79E+09

3.79E+09 | 3.79E+09

3.79E+09 | 3.79E+09 | 3.79E+09

3.79E+09

3.79E+09

3.79E+09

3.79E+09

Wasteload Allocation
Total

4.14E+09

4.14E+09 | 4.14E+09

4.14E+09 | 4.14E+09 | 4.14E+09

4.14E+09

4.14E+09

4.14E+09

4.14E+09

Load Allocation

1.82E+13

1.53E+12 | 6.50E+11

3.84E+11 | 2.31E+11 | 1.39E+11

8.38E+10

5.10E+10

3.57E+10

2.75E+10

Margin of Safety

Implicit MOS

Loading Capacity

1.82E+13

1.53E+12 | 6.54E+11

3.88E+11 | 2.35E+11 | 1.43E+11

8.79E+10

5.51E+10

3.98E+10

3.16E+10

Percent Reduction

99%

99.7%

88.6%




Table 7: Iron TMDL in the Upper Big Muddy River Watershed

Flow Zone High Flows Normal Flows Low Flows
Allocation | 110w Exceedance Ra(',‘,f‘)’ 0-10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70-80 | 80-90 | 90-100
(1]
Source Iron (Ibs./day)
Andy Creek (IL_NZN-13)
Wasteload |y i eload Allocation Total | 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Allocation
Load Allocation | 2287.00 | 194.00 | 7480 | 43.70 | 23.40 11.90 5.00 2.20 0.94 0.24
Margin of Safety (10%) | 25400 | 22.00 8.30 4.90 2.60 1.30 0.55 0.25 0.10 0.03
Loading Capacity 2541.00 | 216.00 | 83.10 | 48.60 | 26.00 | 13.20 5.55 2.45 1.04 0.27
Percent Reduction 9.9% -- --
Table 8: Manganese TMDL in the Upper Big Muddy River Watershed
Flow Zone High Flows Normal Flows Low Flows
Allocation | FlOW Excecdance Rt g 10 | 10-20 | 20-30 | 30-40 | 40-50 | 50-60 | 60-70 | 70-80 | 80-90 | 90-100
Source Iron (Ibs./day)
Beaver Creek (IL_NGAZ-JC-D1)
Wasteload |-, Gt ol0ad Allocation Total | -- 0.00 0.00 0.00 0.00 0.00 0.00 0.00 - -
Allocation
Load Allocation - 28.20 11.00 6.40 3.40 1.70 0.73 0.32 - -
Margin of Safety (10%) - 3.10 1.20 0.70 0.40 0.20 0.08 0.04 - -
Loading Capacity - 3130 | 12.20 7.10 3.80 1.90 0.81 0.36 - -
Percent Reduction -- 24.4% --
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Executive Summary

Section 303(d) of the 1972 Clean Water Act requires States to define impaired waters and identify them on
a list, which is called the 303(d) list. The State of Illinois 303(d) lists are published every two years and
are available at: https://www2.illinois.gov/epa/topics/water-quality/watershed-
management/tmdls/Pages/303d-list.aspx. This report focuses on assessments based on the 2012 303(d)
list (IEPA, 2012), which was the version that was final at the start of this project. Section 303(d) of the
Clean Water Act and USEPA's Water Quality Planning and Management Regulations (40 CFR Part 130)
require states to develop Total Maximum Daily Loads (TMDLSs) for waterbodies that are not meeting
designated uses under technology-based controls. The TMDL process establishes the allowable loading of
pollutants or other quantifiable parameters for a waterbody based on the relationship between pollution
sources and instream conditions. This allowable loading represents the maximum quantity of the
pollutant that the waterbody can receive without exceeding water quality standards. The TMDL also takes
into account a margin of safety, which reflects scientific uncertainty, as well as the effects of seasonal
variation. By following the TMDL process, States can establish water quality-based controls to reduce
pollution from both point and nonpoint sources, and restore and maintain the quality of their water
resources (USEPA, 1991).

Load Reduction Strategies (LRSs) are being completed for causes that do not have numeric standards.
LRSs for causes of impairment with target criteria will consist of loading capacity and the percent
reduction needed to meet the target criteria.

The following waterbodies in the Upper Big Muddy River watershed are listed on the 2012-2018 Illinois
Section 303(d) List of Impaired Waters (IEPA, 2012) as not meeting their designated uses. IEPA
conducted additional sampling in 2015 on 6 of the waterbodies to support the modeling presented in this
report. This document presents TMDLs for the following segments and reservoirs to allow these
waterbodies to fully support their designated uses:

e Upper Big Muddy River (IL_N-11)

e Andy Cr. (IL_NZN-13)

e Lake Cr. (IL_NGA-02)

e Pond Cr. (IL_NG-02)

e Beaver Cr. (IL_NGAZ-JC-D1)

e Middle Fork Big Muddy (IL_NH-06)
e Arrowhead (Williamson) Lake (IL_RNZX)
e Herrin Old Reservoir (IL_RNZD)

e Johnston City Lake (IL_RNZE)

e  West Frankfort Old Lake (IL_RNP)
e  West Frankfort New Lake (IL_RNQ)

LRSs for the following water bodies are also presented:

e Upper Big Muddy River (IL_N-06, IL_N-11, IL_N-17)
e Pond Cr. (IL_NG-02)
e Middle Fork Big Muddy (IL_NH-07)
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This report covers each step of the TMDL process and is organized as follows:

e Problem Identification

e Stage 2 Sampling

¢ Development of Numeric Targets

e Development of Water Quality Models
e TMDL Development

e LRS Development

e Public Participation and Involvement
e Adaptive Implementation Process

e (Clean Water Act Section 319

Ilinois EPA conducts TMDLs following a three-stage process. Stage 1 includes watershed
characterization, data analysis and model selection. Stage 2 involves data collection, and is conducted if
necessary. Stage 3 includes model calibration and application, and TMDL and implementation plan
development. Upper Big Muddy River Watershed Stage 1 work began in September, 2013. A public
meeting to present the Stage 1 findings and the draft Stage 1 report was held in December 2013. The final
Stage 1 report was completed in January, 2014 (Attachment 1), and recommended additional monitoring
for dissolved oxygen modeling, and the delisting of the following stream segments for the noted
impairments:

e AndyCr./IL_NZN-13 — Manganese

e Hurricane Creek / IL_NF-01 — Lindane

e M. Fk. Big Muddy / IL_NH-06 — Manganese

e M. Fk. Big Muddy / IL_ NH-07 — Manganese

e  Prairie Cr. / IL_NZM-01 — Sulfates

Stage 2 low flow sampling was conducted in 2015 to support dissolved oxygen modeling on several stream

segments in the Upper Big Muddy River watershed. As a result of this sampling and data analysis, the

following stream segments are recommended for delisting based on either the waters meeting the water

quality standards during the sampling period, or the low dissolved ozygen conditions were flow related:

e Big Muddy R. / IL_N-17 - Dissolved Oxygen (Sampling met WQS)

e M. Fk. Big Muddy / IL_NH-06 - Dissolved Oxygen (Low DO is due to high sediment oxygen demand
/ low flow)

e M. Fk. Big Muddy / IL_NH-07 - Dissolved Oxygen (Low DO is due to high sediment oxygen demand /
low flow)

e Andy Creek / IL_NZN-13 - Dissolved Oxygen (Low DO is due to high sediment oxygen demand / low
flow)

e Pond Cr. / IL_NG-02 - Dissolved Oxygen (Sampling met WQS)

Further data analysis as a part of the Stage 3 TMDL/LRS preparation on the following segments has
indicated that the listed impairment may not currently exist:

e Hurricane Creek / IL_NF-o01 - Sedimentation/Siltation

e Herrin Old / IL_RNZD - Total Suspended Solids (TSS)

e Johnston City / IL,_RNZE - Total Suspended Solids (TSS)

e  West Frankfort Old / IL_RNP - Total Suspended Solids (TSS)

e  West Frankfort New/ IL_RNQ - Total Suspended Solids (TSS)

e Lake Cr. / IL_NGA-02 - Phosphorus (Total)

e Big Muddy R. / IL_N-11 - Sulfates
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The results of these data alayses will be reevaluated during the next 303(d) listing cycle to determine if
these stream segments should continue to be listed as impaired.
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1

Problem Identification

The impaired waterbodies within the Upper Big Muddy River watershed listed by the IEPA are listed
below (Table 1-1), with the parameters (causes) they are listed for, and the impairment status of each
designated use. The waterbodies that are proposed for delisting in the Table below are based on one of the

following reasons:

1.

Analysis of the data provided under Stage 1 that the existing data did not support the listed

impairments.

Analysis of the data collected during the Stage 2 sampling performed for IEPA indicated that the
impairments may not currently exist.

Analysis of the data collected during the Stage 2 sampling performed for IEPA indicated that the
impairments are due to low flow conditions, not pollutant loading.

Based on a comparison of TSS data to the LRS target concentration developed by IEPA, it was
determined that TSS reduction is not needed.

Based on a comparison of TP data to the LRS target concentration developed by IEPA, it was
determined that TP reduction is not needed.

Table 1-1. Impaired Waterbody Summary

Waterbody/ Size Impaired Designated Use . Proposed
Segment ID (mile/ac) mpairment Cause Action
ﬁle\fl;:dy R./ 15.13 mi | Aquatic life Sedimentation/Siltation Prepare LRS

. 11.48 mi | Aquatic life Sulfates Delist (1)
:SLIgNI\fllufdy R./ Primary contact recreation | Fecal Coliform Prepare TMDL

B Aquatic life Sedimentation/Siltation, TSS Prepare LRS
Big Muddy R. / 21.48 mi | Aquatic life Dissolved Oxygen Delist (2)
IL_N-17 Aquatic life Sedimentation/Siltation, TSS Prepare LRS
Hurricane Creek | 10.6 mi | Aquatic life Lindane Delist (1)
/IL_NF-01 Aquatic life Sedimentation/Siltation Delist (4)
Prairie Cr. / 9.06 mi Aquatic life Sulfates Delist (1)
IL_NZM-01

11.7 mi Aquatic life Iron Prepare TMDL
ﬁ_n(li\jyzﬁtlé Aquatic life Manganese Delist (1)

- Aquatic life Dissolved Oxygen Delist (3)
Herrin Old / 51.3ac | Aesthetic Quality Phosphorus (Total) Prepare TMDL
IL_RNZD Aesthetic Quality Total Suspended Solids (TSS) Delist (4)
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Waterbody/ Size Impaired Designated Use . Proposed
. Impairment Cause .
Segment ID (mile/ac) Action
23.53 mi | Aquatic life Chloride Additional
monitoring
Pond Cr. / recommended
IL_NG-02 Aquatic life Dissolved Oxygen Delist (2)
Aquatic life Sedimentation/Siltation Prepare LRS

Lake Cr. / 12.33 mi | Aquatic life Dissolved Oxygen Prepare TMDL
IL_NGA-02 Aquatic life Phosphorus (Total) Delist (5)
ﬁ.‘e_all\]/g,r;-\;-rj.é-Dl mrm Aquatic [ife Manganese Prepare TMDL
Johnston City / 64 ac Aesthetic Quality Phosphorus (Total) Prepare TMDL
IL_RNZE Aesthetic Quality Total Suspended Solids (TSS) Delist (4)
Arrowhead 30 ac Aesthetic Quality Prepare TMDL
(Williamson) / Phosphorus (Total)
IL_RNZX
M. Fk. Big 12.52 mi | Primary contact recreation | Fecal Coliform Prepare TMDL
Muddy / IL_NH- Aquatic life Dissolved Oxygen Delist (3)
06 Aquatic life Manganese Delist (1)
M. Fk. Big 19.74 mi | Aquatic life Dissolved Oxygen Delist (3)
Muddy / IL_NH- Aquatic life Manganese Delist (1)
07 Aquatic life Sedimentation/Siltation Prepare LRS
West Frankfort 146 ac Aesthetic Quality Phosphorus (Total) Prepare TMDL
Old / IL_RNP Aesthetic Quality Total Suspended Solids (TSS) Delist (4)
West Erankfort 214 ac Aesthetic Quality Phosphorus (Total) Prepare TMDL
New/ IL_RNQ Aesthetic Quality Total Suspended Solids (TSS) Delist (4)

A Chloride TMDL for Pond Cr. (IL_NG-02) was not developed based on the Stage 1 Report’s

recommendation. However, Illinois EPA will gather additional low flow data to verify if impairment still
exists and proceed accordingly (either develop TMDL, or delist the segment in the next cycle of the 2020
Integrated Report). Delisting of the stream segments identified in Table 1-1 will occur as a part of a future
303(d) listing process based on the reasons noted above. TMDLs are currently only being developed for
pollutants that have numerical water quality standards. Load Reduction Strategies (LRSs) are being
developed for pollutants that do not have numerical water quality standards. All of the waterbodies that
are being addressed in this Stage 3 report and the implementation plan are summarized in Table 1-2

below.

Table 1-2. TMDL & LRS Waterbody Summary

Waterbod Size P d
v/ . Impaired Designated Use Impairment Cause ropF)se
Segment ID (mile/ac) Action
Bi .
IngNI\_/I(;Jsddy R./ 15.13 mi | Aquatic life Sedimentation/Siltation Prepare LRS
Big Muddy R. / 11.48 mi Primary contact recreation | Fecal Coliform Prepare TMDL
IL_N-11 ' Aquatic life Sedimentation/Siltation, TSS Prepare LRS
Big Muddy R.
”-lgN_1u7 YR/ 21.48 mi | Aquatic life Sedimentation/Siltation, TSS Prepare LRS
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Waterbod Size
v/ . Impaired Designated Use Impairment Cause Propf)sed
Segment ID (mile/ac) Action
Andy Cr./ ) -
IL_NZN-13 11.7 mi | Aquatic life Iron Prepare TMDL
Herrin Ol
errin Old / 51.3 ac | Aesthetic Quality Phosphorus (Total) Prepare TMDL
IL_RNZD
Pond Cr. . - . . e
ond Cr. / 23.53 mi | Aquatic life Sedimentation/Siltation Prepare LRS
IL_NG-02
Lake Cr. / . - .
IL_NGA-02 12.33 mi | Aquatic life Dissolved Oxygen Prepare TMDL
Beaver Cr. / . -
IL_NGAZ-JC-D1 1.7 mi Aquatic life Manganese Prepare TMDL
Johnston Cit . . Prepare TMDL
ohnston City / 64 ac Aesthetic Quality Phosphorus (Total) P
IL_RNZE
Arrowhead Prepare TMDL
(Williamson) / 30 ac Aesthetic Quality Phosphorus (Total)
IL_RNZX
M. Fk. Big
Muddy / IL_NH- 12.52 mi | Primary contact recreation | Fecal Coliform Prepare TMDL
06
M. Fk. Big
Muddy / IL_NH- 19.74 mi | Aquatic life Sedimentation/Siltation Prepare LRS
07
West Frankfort . . Prepare TMDL
Old / IL_RNP 146 ac | Aesthetic Quality Phosphorus (Total)
West Frankfort . . Prepare TMDL
New/ IL_RNQ 214 ac | Aesthetic Quality Phosphorus (Total)
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2
Stage 2 Sampling

The Stage 1 report recommended additional sampling be conducted during low flow conditions to support
dissolved oxygen modeling in support of TMDL development. In 2015, IEPA conducted Stage 2 sampling
to support dissolved oxygen TMDL modeling. Samples were collected in September and October of 2015,
and data were reported for CBOD5, BOD5, Nitrite-Nitrate Nitrogen, Ammonia, total kjeldahl nitrogen
(TKN), total phosphorus, dissolved phosphorus, chlorophyll a, total suspended solids and volatile
suspended solids, and sediment oxygen demand (SOD). Flow, velocity and channel morphometry were
also recorded during sampling.

Figure 2-1 shows the locations sampled in 2015. The data collected at these locations were used in the
dissolved oxygen modeling described in this report. TMDLSs and LRSs for other parameters were based
on existing data, previously collected by IEPA and described in the Stage 1 report (Attachment 1).
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3

Development of Numeric Targets

Designated use, use support and water quality criteria for waterbodies in the Upper Big Muddy River
watershed have been previously described in the Stage 1 Report (Attachment 1). This section describes
the development of numeric TMDL and LRS targets.

3.1 Development of TMDL and LRS Targets

The TMDL target is a numeric endpoint specified to represent the level of acceptable water quality that is
to be achieved by implementing the TMDL. Where possible, the water quality criterion for the pollutant
of concern is used as the numeric endpoint.

3.1.1 Phosphorus (Total)

The General Use standards for phosphorus are in Section 302.205 of Title 35. For the phosphorus TMDLs
in the lakes within the Upper Big Muddy River watershed, the target is set at the water quality criterion
for total phosphorus of 0.05 mg/L.

When appropriate numeric standards do not exist, surrogate parameters must be selected to represent
protection of the designated use. For streams and rivers in the Upper Big Muddy River watershed, IEPA
has developed a total phosphorus LRS target of 0.217 mg/L (IEPA, 2016). This target is based on an
average of validated, real-world data (1999-2013) for the nearby Upper Kaskaskia watershed, which
contains several streams that are in full support of aquatic life. This LRS target was ultimately not used to
develop a total phosphorus LRS because the average phosphorus concentrations measured in the stream
segments listed for TP impairment were below this LRS target concentration.

3.1.2 Dissolved Oxygen

The General Use standards for dissolved oxygen are in Section 302.206 of Title 35. For the Upper Big
Muddy River watershed dissolved oxygen TMDLs in streams, the target is set at the water quality criterion
for daily minimum dissolved oxygen of 5.0 mg/L recognizing that this is the more conservative of the
seasonal minimal dissolved oxygen criteria (recall that between August and February, the minimum is 3.5
mg/L). The QUAL2E models used to calculate the TMDLs predicts a daily average dissolved oxygen
concentration and does not directly predict daily minimum values. QUAL2E results can be translated into
a form comparable to a daily minimum, by subtracting the observed difference between daily average and
daily minimum dissolved oxygen from the model output.

3.1.3 Iron

The General Use standards for iron are in Section 302.208 of Title 35. A single-value standard of 1.0 mg/L
applies to dissolved iron, and this is the target used for TMDL development for the Andy Creek (IL,_NZN-
13) segment.

3.1.4 Chloride

The General Use standards for chloride are in Section 302.208 of Title 35. A single-value standard of 500
mg/L applies to chloride, and this is the target used for TMDL development for the Pond Creek (IL_NG-
02) segment.

Page | 11



Upper Big Muddy River Watershed
Final TMDL Report May 2019
3.1.5 Manganese

The General Use standards for manganese are in Section 302.208 of Title 35. The water quality standards
for dissolved manganese are given by the following equations:

Acute Standard:

WQS = eA+BIn(H) % 09812

where A = 4.9187 and B = 0.7467;

and In(H) is the natural logarithm of the hardness in mg/L.
Chronic Standard:

WQS = eA+BIn(H) % 0.9812
where A = 4.0635 and B = 0.7467;
and In(H) is the natural logarithm of the hardness in mg/L.

The chronic standard was used to develop the manganese TMDL for Beaver Cr. (IL_NGAZ-JC-D) in the
Upper Big Muddy River watershed. The calculated target for this stream segment is shown in section
4.2.6.

3.1.6 Fecal Coliform

The General Use standards for fecal coliform bacteria are in Section 302.209 of Title 35. During the
months May through October (swimming-season), based on a minimum of five samples taken over not
more than a 30 day period, fecal coliform bacteria shall not exceed a geometric mean of 200 per 100 mL,
nor shall more than 10% of the samples during any 30 day period exceed 400 per 100 mL. For fecal
coliform TMDLs in the Upper Big Muddy River watershed, the target is conservatively set at the water
quality criterion of 200 colony forming units (cfu)/100 mL.

3.1.7 Total Suspended Solids (TSS)

When appropriate numeric standards do not exist, surrogate parameters must be selected to represent
protection of the designated use. For all streams and rivers in the Upper Big Muddy River watershed,
IEPA has developed a LRS target of 32.2 mg/L TSS (IEPA, 2016). This target is based on an average of
validated, real-world data (1999-2013) for the nearby Upper Kaskaskia watershed, which contains several
streams that are in full support of aquatic life.

Based on an average of validated, real-world data for these streams over a period from 1999 to 2013, the
load reduction targets for all streams in this watershed are as follows:

e Total Suspended Solids: 32.2 milligrams/liter
For all lakes in the watershed, the load reduction targets are as follows:

e Total Suspended Solids: 23 milligrams/liter
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4
Development of Water Quality Models

Water quality models are used to define the relationship between pollutant loading and the resulting
water quality. This section describes the modeling to support TMDL and LRS development, and is
divided into the following sections:

¢ QUAL2E modeling for dissolved oxygen TMDL
¢ Load Duration Curve approach for fecal coliform, sulfate, iron, manganese, and chloride TMDLs
e BATHTUB modeling for total phosphorus TMDLs for reservoirs.

The remainder of this section describes the TSS modeling to support the TSS LRS.

4.1 QUAL2E Model for the Dissolved Oxygen TMDLs

The QUAL2E water quality model was used to define the relationship between external oxygen-
demanding loads and the resulting concentrations of dissolved oxygen in the Lake Cr. (IL_NGA-02)
stream segment in the Upper Big Muddy River watershed.

In addition, QUAL2E to was used to model the the dissolved oxygen in Pond Creek (IL_) and Andy Creek
(IL_NZN-13) to determine if the observed low dissolved oxygen was based on pollutant loads, or low flow
conditions. Based on the results of those models, no TMDLs were developed for those stream segments.

QUALZ2E is a one-dimensional stream water quality model applicable to dendritic, well-mixed streams. It
assumes that the major pollutant transport mechanisms, advection and dispersion, are significant only
along the main direction of flow. The model allows for multiple waste discharges, water withdrawals,
tributary flows, and incremental inflows and outflows.

4.1.1 Model Selection

A discussion of the model selection process for the Upper Big Muddy River watershed is provided in the
Stage 1 report (Attachment 1).

The QUAL2E model (Brown and Barnwell, 1987) was selected to address dissolved oxygen impairments in
the Upper Big Muddy River watershed. QUAL2E is the most commonly used water quality model for
addressing low flow conditions.

4.1.2 Modeling Approach

The approach selected for the dissolved oxygen TMDL consists of using data collected during 2015 low
flow season surveys to define the current water quality of the river, and using the QUAL2E model to
define the extent to which loads must be reduced to meet water quality standards. This is the
recommended approach presented in the Stage 1 report.

4.1.3 QUAL2E Model Inputs

This section gives an overview of the model inputs required for QUAL2E application, and how they were
derived. The following categories of inputs are required for QUAL2E:

e Model options (title data)

e  Model segmentation
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e Hydraulic characteristics
e Reach kinetic coefficients
e [Initial conditions
e Incremental inflow conditions
e Headwater characteristics
e Point source flows and loads
4.1.3.a Model Options
This portion of the model input parameters defines the specific water quality constituents to be simulated.

QUAL2E was set up to simulate temperature, biochemical oxygen demand, the nitrogen series,
phosphorus, algae and dissolved oxygen.

4.1.4 Andy Cr. (IL_NZN-13) QUAL2E Model Application

This sections described the application of the QUAL2E model to the above noted stream segment.

4.1.4.a Model Segmentation

The QUAL2E model divides the river being simulated into discrete segments (called “reaches”) that are
considered to have constant channel geometry and hydraulic characteristics. Reaches are further divided
into “computational elements”, which define the interval at which results are provided. Andy Creek
QUAL2E model consists of two reaches, which are comprised of a varying number of computational
elements. Computational elements were specified to have a fixed length of 0.20 miles. Reaches are
defined with respect to water quality monitoring stations and tributaries. Model segmentation is
presented below in Table 4-1 and Figure 4-1.

Table 4-1. Andy Creek QUAL2E Segmentation

Number of
computational
River miles elements Other features
1 8.25-5.0 13 NZN-12, Valier STP, NZN-15
2 5.0-0.0 20 NZN-10
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Figure 4-1. Andy Creek QUAL2E Segmentation

4.1.4.b Hydraulic characteristics

A functional representation was used to describe the hydraulic characteristics of the system. For each
reach, velocity and depth were specified, based on measurements taken during the September 23, 2015
field survey.

4.1.4.c Reach Kinetic Coefficients

Kinetic coefficients were initially set at values commonly used in past QUAL2E applications from Illinois.
The appropriateness of these initial values were assessed during the model calibration process, where
these coefficients were refined as necessary (within accepted ranges taken from the scientific literature) to
allow model results to best describe observed water quality data.
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4.1.4.d Initial Conditions

Initial model conditions were based on field observations, flow measurements, and water quality data
collected during 2015. Specifically, observed concentrations of ammonia, phosphorus, organic nitrogen,
nitrate and chlorophyll a were used to specify initial conditions.

4.1.4.e Incremental Inflow Conditions

Incremental inflows were calculated using a drainage area ratio and field measured flows. Increases in
flows were added to each reach incrementally to represent non-monitored tributaries (flows were
increasing from upstream to downstream). Concentrations for these incremental inflows were considered
to have concentrations at typical background levels, and temperatures consistent with the mainstem.
Other flows came from the headwater and point sources.

4.1.4.f Headwater Characteristics

Headwater characteristics were based on the flow/water quality measurements collected at the more
upstream IEPA station (NZN-12).

4.1.4.g Point Source Flows and Loads

There are two permitted NPDES discharges from sewage treatment plants in the Andy Creek watershed.
The NPDES permits are for the LB Camping Sesser STP (IL0050466) and the Valier STP (ILG580083).
(Attachment 1, Section 2.9).

The model considers one permitted point source that discharges to Andy Creek via a small tributary. The
upsrtream point source (LB Camping Sesser STP) is assumed to contribute no load or small loads (based
on discharge monitoring report (DMR) data and some assumptions where data was not available), and
any impacts on the DO impairments to Andy Creek at the downstream stations would be incorporated
into the model by using the sampling data collected at station NZN-12 as the upstream boundary
conditions. See Table 4-2 for details of when data were used, and when assumptions were made.

Table 4-2. Andy Creek (IL_NZN-13) Concentrations of QUAL2E model inputs

Temp. DO CBOD5 Ammonia Source
Model input point Flow (cfs) @ (DegF) (mg/L) (mg/L) (mg/L)
Headwater 0.10 63.7 4.47 1 0.05 Data collected at NZN-12
Valier STP discharge to Reach 1 0.06 70 8.70 10.90 5.80 DMR data (flow, CBODS, DO, Ammonia)
Incremental inflow to Reach 1 0.145 65.0 4.5 1 0.00 Calculated from flow balance. Water
quality specified based on typical
background levels.

4.1.4.h QUAL2E Model Calibration
QUAL2E model calibration consisted of:
e Applying the model with all inputs specified as above
e Comparing model results to observed dissolved oxygen, BOD, ammonia, and chlorophyll data

e Adjusting model coefficients to provide the best comparison between model predictions and
observed dissolved oxygen data.

The QUAL2E dissolved oxygen calibration for Andy Creek is discussed below. The model was initially
applied with the model inputs as specified above. Observed data for the low flow survey conducted on
September 23, 2015 was used for calibration purposes.
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QUALZ2E was calibrated to match the observed average dissolved oxygen concentrations measured at two
locations (NZN-15 and NZN-10) on the mainstem of the creek. The data collected at NZN-12 was used to
define the upstream boundary conditions. The initial BOD calibration was deemed successful, albeit not
totally conclusive, as the majority of observed data (as well as model predictions) for both parameters
were below laboratory detection limits. Similarly, the initial coefficients used to describe chlorophyll a
correctly replicated observed low observed field concentrations and confirmed that algal productivity was
not an important component of the dissolved oxygen budget.

Model results initially over-predicted observed dissolved oxygen data. Model calibration was attained by
adjusting reach-specific sediment oxygen demand, with calibration values ranging from 0.054 to 0.065
mg/sq. ft./day. Those values were initially based on the SOD measurement taken at NZN-15 of 0.065
mg/sq. ft./day. The resulting dissolved oxygen predictions compared well to the measured concentrations
as shown in Figure 4-2. The QUAL2E model output files from the calibration runs are included in
Attachment 3.
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Figure 4-2. QUAL2E DO Calibration for Andy Creek for 9/23/2015 Sampling Survey

4.1.5 Lake Cr. (IL_NGA-02) QUAL2E Model Application

This sections described the application of the QUAL2E model to the above noted stream segment.

4.1.5.a Model Segmentation

The QUAL2E model divides the river being simulated into discrete segments (called “reaches”) that are
considered to have constant channel geometry and hydraulic characteristics. Reaches are further divided
into “computational elements”, which define the interval at which results are provided. The Lake Creek
QUAL2E model consists of two reaches, which are comprised of a varying number of computational
elements. Computational elements were specified to have a fixed length of 0.25 miles. Reaches are
defined with respect to water quality monitoring stations and tributaries. Model segmentation is
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presented below in Table 4-3 and Figure 4-3. The division between reaches 1 and 2 was determined based
on the location of additional tributaries that contribute additional flow to the stream which would be

expected to change the hydraulic characteristics of the reach.

Table 4-3. Lake Creek QUAL2E Segmentation

Number of
computational
River miles elements Other features
1 3.25-5.25 8 NGA-02, Johnston City STP, NGA-JC-C1
2 0-3.25 14 NGA-01
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Figure 4-3. Lake Creek (IL_NGA-02) QUAL2E Model Segmentation

4.1.5.b Hydraulic characteristics

A functional representation was used to describe the hydraulic characteristics of the system. For each
reach, velocity and depth were specified, based on measurements taken during the August, September
and October 2015 field surveys.

4.1.5.c Reach Kinetic Coefficients

Kinetic coefficients were initially set at values commonly used in past QUAL2E applications from Illinois.
The appropriateness of these initial values were assessed during the model calibration process, where
these coefficients were refined as necessary (within accepted ranges taken from the scientific literature) to
allow model results to best describe observed water quality data.
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4.1.5.d Initial Conditions

Initial model conditions were based on field observations taken during 2015 and USGS flow
measurements. Specifically, observed concentrations of ammonia, phosphorus, organic nitrogen, nitrate
and chlorophyll a were used to specify initial conditions.

4.1.5.e Incremental Inflow Conditions

Incremental inflows were calculated using a drainage area ratio and measured USGS flows. Increases in
flows were added to each reach incrementally to represent non-monitored tributaries (flows were
increasing from upstream to downstream). Concentrations for these incremental inflows were considered
to have concentrations at typical background levels, and temperatures consistent with the mainstem.
Other flows came from the headwater and point sources.

4.1.5.f Headwater Characteristics

Headwater characteristics were based on the flow/water quality measurements collected at the more
upstream IEPA station (NGA-02).

4.1.5.g Point Source Flows and Loads

There is one permitted NPDES discharges in the Lake Creek watershed. It is for the Johnston City STP
(ILo029301), a municipal sewage treatment plant. See Table 4-4 for details of when data were used, and
when assumptions were made.

Table 4-4. Lake Creek (IL_NGA-02) Concentrations of QUAL2e model inputs

Temp. DO CBODs Ammonia Source
Model input point Flow (cfs) | (DegF) (mg/L) (mg/L) (mg/L)
0.10 63.7 | 4.47 1 0.05

from flow balance.

Johnston City STP discharge to 0.75 70 7.6 14.2 8.90 DMR data (flow, CBOD5, DO), data from

Reach 1 NGA-JC-C1 (Ammonia).

Incremental inflow to Reach 2 4.69 65.0 9.0 1 0.00 Calculated from flow balance. Water
quality specified based on typical
background levels.

It is noted that DMR data from the September 2015 for Johnston City STP indicate that the monthly
average CBOD5 concentration (14.2 mg/1) exceeded the permit limit of 10 mg/L, along with effluent
violations of daily maximum and monthly average ammonia nitrogen concentrations, although it is
uncertain whether the effluent limit violations were occurring specifically during the time of the survey.
The of CBOD; in the Johnston City STP were based on the September 2015 DMR for that facility. The
CBOD; and DO concentrations used to characterize the point load in the QUAL2E model were the
monthly averages. The daily maximum CBOD; was 17 mg/L, but there is no information on whether that
occurred on the date of the sampling. The ammonia nitrogen concentration used in the model to
characterize the point load was based on the observed concentration at station NGA-JC-C1, which is
higher than the reported daily maximum value for ammonia nitrogen in the DMR. The effluent sampling
frequency for ammonia nitrogen required in the NPDES permit for the Johnston City STP is only two days
per month, so it is possible that higher concentrations could occur between samples. The flow used was
the daily average flow for the month reported in the DMR of 0.488 MGD, which is lower than the design
average flow for the facility of 0.55 MGD.

4.1.5.h QUAL2E Model Calibration

QUAL2E model calibration consisted of:
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e Applying the model with all inputs specified as above

e Comparing model results to observed dissolved oxygen, BOD, ammonia, and chlorophyll data

e Adjusting model coefficients to provide the best comparison between model predictions and
observed dissolved oxygen data.

The QUAL2E dissolved oxygen calibration for Lake Creek (IL_NGA-02) is discussed below. The model
was initially applied with the model inputs as specified above. Observed data for the low flow survey
conducted in 2015 was used for calibration purposes.

QUALZ2E was calibrated to match the observed average dissolved oxygen concentrations measured at two
locations (NGA-01, and NGA-JC-C1) on the mainstem of the creek. Data collected at station NGA-02 was
used to characterize the upstream boundary conditions. The initial DO and ammonia calibration was
deemed successful. Similarly, the initial coefficients used to describe chlorophyll a correctly replicated
observed low observed field concentrations and confirmed that algal productivity was not an important
component of the dissolved oxygen budget in the area downstream of the Johnston City STP discharge.

The reach-specific sediment oxygen demand values entered in the model for Reach 1 of 0.079 g/sq. ft./day
was based on an SOD test run at NGA-02. The sediment oxygen demand values entered in the model for
Reach 2 of 0.06 g/sq. ft./day was adjusted to match the observed downstream data. The resulting
dissolved oxygen predictions compared well to the measured concentrations during the survey, as shown
in Figure 4-4. The QUAL2E model output files from the calibration runs are included in Attachment 3.

Based on the components of dissolved oxygen mass balance in the QUAL2E model output files, the largest
components of the oxygen deficit in the stream immediately downstream of the Johnston City STP were
due to the sediment oxygen demand, and the oxygen consumed for nitrification of ammonia and nitrite.
Although SOD is one of the dominant sources of the oxygen deficit, the true cause is a lack of base flow
(which greatly exacerbates the effect of SOD).
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Figure 4-4. QUAL2E DO Calibration for Lake Creek for 9/24/2015 Sampling Survey
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4.2 Load Duration Curve Approach

Aload duration curve approach was used in the fecal coliform, sulfate, iron, chloride, and manganese
analyses for streams in the Upper Big Muddy watershed. A load-duration curve is a graphical
representation of observed pollutant load compared to maximum allowable load over the entire range of
flow conditions. The load duration curve provides information to:

o Help identify the issues surrounding the problem and differentiate between point and nonpoint
source problems, as discussed immediately below;

e Address frequency of deviations (how many samples lie above the curve vs. those that plot below);
and

e Aid in establishing the level of implementation needed, by showing the magnitude by which
existing loads exceed standards for different flow conditions.

4.2.1 Model Selection

A detailed discussion of the model selection process for TMDL development in the Upper Big Muddy
River watershed is provided in the Stage 1 Report. The load-duration curve approach was selected because
it is a simpler approach that can be supported with the available data and still support the selected level of
TMDL implementation for this TMDL. The load-duration curve approach identifies broad categories of
pollutant sources and the extent of control required from these source categories to attain water quality
standards.

4.2.2 Approach

The load duration curve approach uses stream flows for the period of record to gain insight into the flow
conditions under which exceedances of the water quality standard occur. A load-duration curve is
developed by: 1) ranking the daily flow data from lowest to highest, calculating the percent of days these
flows were exceeded, and graphing the results; 2) translating the flow duration curve (produced in step 1)
into a load duration curve by multiplying the flows by the water quality standard; and 3) plotting observed
pollutant loads (measured concentrations times stream flow) on the same graph. Observed loads that fall
above the load duration curve exceed the maximum allowable load, while those that fall on or below the
line do not exceed the maximum allowable load. An analysis of the observed loads relative to the load
duration curve provides information on whether the pollutant source is point or nonpoint in nature. A
more complete description of the load duration curve approach is provided in the Stage 1 Report.

4.2.3 Big Muddy R. / IL_N-11 - Fecal Coliform Load Duration Curve

This section describes the flow and water quality data used to support development of the load duration
curve for fecal coliform bacteria on the above noted stream segment.

4.2.3.a Flow Data

Segment IL,_N-11 of the Big Muddy River is located downstream of Rend Lake, so the flows in the river at
that point are impacted by the reservoir storage and dam operations. When developing the load-duration
curve, the reservoir storage can reduce the peak flows, and maintain a higher baseflow, making distinction
between dry and wet weather related sources difficult to distinguish. To remedy that problem, daily flow
measurements were used from the USGS gage on Casey Fork near Mount Vernon, IL (USGS gage number
05595820) for the period from 1999 through 2015.

Casey Fork is a tributary to the Big Muddy River upstream of Rend Lake, so flows at that location are not
impacted by the reservior. This gage is located approximately 28.6 miles north of station N-11, where the
water quality data was collected. This gage has a drainage area of 76.9 square miles, so all flow data from
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the gage are adjusted based on the drainage area ratio (DAR) to the stream segment under consideration.
The drainage area within the Upper Big Muddy River watershed for segment IL-N-11 is 312.3 square
miles, which does not include areas upstream of Rend Lake. The Casey Fork gage was selected based on
the proximity to the stream segment under consideration, and that it is located within the same
watershed, the fact that it is upstream of Rend Lake, so it is not impacted by the reservoir.

4.2.3.b Water Quality Data

Fecal coliform data collected at station N-11 by IEPA between 1999 and 2010 were used in the analysis.
The data were collected as part of IEPA’s ambient water quality monitoring program. Only data for the
months of May-October were used because the water quality standard applies only during this period.

4.2.3.c Analysis

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the
percent of days these flows were exceeded, and graphing the results. The load duration curve for fecal
coliform were generated by multiplying the flows in the duration curve by the water quality standard of
200 cfu/100 mL for fecal coliform bacteria. The load duration curve for fecal coliform is shown with a
solid line in Figure 4-5. Observed pollutant loads of fecal coliform were calculated using available
concentration data paired with corresponding flows, and were plotted on the same graph. The fecal
coliform data used only measurements collected between May and October, since that is the period
specified under Section 302.209 of Title 35.
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Figure 4-5. Fecal Coliform Load Duration Curve for Upper Big Muddy River (IL_N-11) with Observed
Loads (triangles)

In Figure 4-5, the data show exceedances of the fecal coliform target occur over all ranges of flows, but
with more exceedances (as a fraction of the samples) occuring in the higher range of flows. This indicates
that wet weather sources contribute to the observed violations of the water quality standard.
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4.2.4 Andy Cr. / IL_NZN-13 - Iron Load Duration Curve

This section describes the flow and water quality data used to support development of the load duration
curve for dissolved iron on the above noted stream segment.

4.2.4.a Flow Data

There is no stream gage on Andy Creek that can be used to estimate the daily flows and loadings. Daily
flow measurements are available for the USGS gage on Crab Orchard Creek near Marion, IL (USGS gage
number 05597500) for the period from 1999 through 2015. This gage is located approximately 20.2 miles
southeast of the Andy Creek watershed. This gage has a drainage area of 31.7 square miles, so all flow
data from the gage are adjusted based on the drainage area ratio (DAR) to the stream segment under
consideration. The stream segment under consideration has a drainage area of 20.4 square miles at its
outlet. The Crab Orchard Creek gage was selected for consideration based on the drainage areas being
similar in size, the proximity to the stream segment under consideration, with similar watershed land uses
and topography.

4.2.4.b Water Quality Data

Dissolved iron data collected by IEPA in 2008 were used in the analysis. The data were collected as part of
IEPA’s ambient water quality monitoring program. There were three samples analyzed, and all three
exceeded the water quality standards.

4.2.4.c Analysis

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the
percent of days these flows were exceeded, and graphing the results. Aload duration curve for iron was
generated by multiplying the flows in the duration curve by the water quality standard of 1.0 mg/L for
dissolved iron. The load duration curve for iron is shown with a solid line in Figure 4-6. Observed
pollutant loads of dissolved iron were calculated using available concentration data paired with
corresponding flows, and were plotted on the same graph.
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Figure 4-6: Dissolved Iron Load Duration Curve for Andy Creek (IL_NZN-13) with Observed Loads
(triangles)

In Figure 4-6, the data show that the sampled data points only exceeded the dissolved iron target at the
highest sampled flow. This indicates that wet weather sources or runoff contribute to the observed
violation of the water quality standard.

4.2.5 Pond Cr. / IL_NG-02 - Chloride Load Duration Curve

This section describes the flow and water quality data used to support development of the load duration
curve for chloride on the above noted stream segment.

4.2.5.a Flow Data

Daily flow measurements are available for the USGS gage on Crab Orchard Creek near Marion, IL (USGS
gage number 05597500) for the period from 1999 through 2015. This gage has a drainage area of 31.7
square miles, so all flow data from the gage are adjusted based on the drainage area ratio (DAR) to the
stream segment under consideration.

4.2.5.b Water Quality Data

Chloride data collected by IEPA between 2004 and 2008 were used in the analysis. The data were
collected as part of IEPA’s ambient water quality monitoring program.

4.2.5.c Analysis

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the
percent of days these flows were exceeded, and graphing the results. The load duration curve for chloride
was generated by multiplying the flows in the duration curve by the water quality standard 500 mg/L for
chloride. The load duration curve for chloride is shown with a solid line in Figure 4-7. Observed pollutant
loads of chloride were calculated using available concentration data paired with corresponding flows, and
were plotted on the same graph.
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Figure 4-7: Chloride Load Duration Curve for Pond Creek (IL_NG-02) with Observed Loads
(triangles)

In Figure 4-7, the data show that the single exceedance of the chloride target occurs at the lowest sampled
flow. This indicates that wet weather sources do not contribute to the observed violation of the water
quality standard. With the single data point showing an exceedance of the water quality standard for
Chloride occurring at the very lowest flows, this indicates that the impairment may be flow related. The
only exceedance of the chloride water quality standard was during the summer months, indicating that it
was likely not caused by de-icing materials. Additional monitoring recommendations are contained in the
Watershed Implementation Plan to achieve the TMDLs and Load Reduction Strategy in the Upper Big
Muddy River watershed.

4.2.6 Beaver Cr. / IL_NGAZ-JC-D1 — Manganese Load Duration Curve

This section describes the flow and water quality data used to support development of the load duration
curve for manganese on the above noted stream segment.

4.2.6.a Flow Data

Daily flow measurements are available for the USGS gage on Crab Orchard Creek near Marion, IL (USGS
gage number 05597500) for the period from 1999 through 2015. This gage has a drainage area of 31.7
square miles, so all flow data from the gage are adjusted based on the drainage area ratio (DAR) to the
stream segment under consideration.

The stream gage data shows that there are periods where there is no flow in the stream, This does not
necessarily mean that the stream dries up, but the flows are below the threshold for stream measurement.
This causes the load-duration curve to be equal to zero during these time periods.

4.2.6.b Water Quality Data

Manganese data collected by IEPA in 2008 were used in the analysis. There is only a single data point
available for this analysis.
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4.2.6.c Analysis

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the
percent of days these flows were exceeded, and graphing the results. The load duration curve for
manganese was generated by multiplying the flows in the duration curve by the chronic water quality
standard of 4.85 mg/L, which was calculated based on a hardness measurement of 383 mg/L that was
field measured at the same time at the manganese measurement in this stream segment. The load
duration curve for manganese is shown with a solid line in Figure 4-8. Observed pollutant loads were
calculated using available concentration data paired with corresponding flows, and were plotted on the
same graph.
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Figure 4-8: Manganese Load Duration Curve for Beaver Creek (IL_NGAZ-JC-D1 with Observed Loads
(triangles)

In Figure 4-8, the data show that the single exceedance of the manganese target occurs at the lower end of
the normally encountered flows (30% to 70%).

4.2.7 M. Fk. Big Muddy / IL_NH-06 — Fecal Coliform Load Duration Curve

This section describes the flow and water quality data used to support development of the load duration
curve for fecal coliform bacteria on the above noted stream segment.

4.2.7.a Flow Data

There is no stream gage on this segment of the Middle Fork of the Big Muddy River that can be used to
estimate the daily flows and loadings. Daily flow measurements are available for the USGS gage on Casey
Fork near Mount Vernon, IL (USGS gage number 05595820) for the period from 1999 through 2015.
Casey Fork is a tributary to the Big Muddy River upstream of Rend Lake, so flows at that location are not
impacted by the reservoir storage and dam operations. This gage is located approximately 23.3 miles
north of station NH-06, where the water quality data was collected. This gage has a drainage area of 76.9
square miles, so all flow data from the gage are adjusted based on the drainage area ratio (DAR) to the
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stream segment under consideration. The stream segment under consideration has a drainage area of
160.6 square miles at its outlet.

4.2.7.b Water Quality Data

Fecal coliform data collected at station NH-06 by IEPA between 1999 and 2010 were used in the analysis.
The data were collected as part of IEPA’s ambient water quality monitoring program. Only data for the
months of May-October were used because the water quality standard applies only during this period.

4.2.7.c Analysis

A flow duration curve was generated by ranking daily flow data from lowest to highest, calculating the
percent of days these flows were exceeded, and graphing the results. The load duration curve for fecal
coliform were generated by multiplying the flows in the duration curve by the water quality standard of
200 cfu/100 mL for fecal coliform bacteria. The load duration curve for fecal coliform is shown with a
solid line in Figure 4-9. Observed pollutant loads of fecal coliform were calculated using available
concentration data paired with corresponding flows, and were plotted on the same graph. The fecal
coliform data used only measurements collected between May and October, since that is the period
specified under Section 302.209 of Title 35.
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Figure 4-9. Fecal Coliform Load Duration Curve for Middle Fork Big Muddy River (IL_N-11) with
Observed Loads (triangles)

In Figure 4-9, exceedances of the fecal coliform target occur over all ranges of flows, but with more
exceedances in the higher range of flows. This indicates that wet weather sources are a contributing factor
to the observed violations of the water quality standard, but that significant dry weather reductions are
necessary as well.

4.3 BATHTUB Model

The BATHTUB model (Walker, 1986) was selected as the tool to define load reduction necessary to attain
phosphorus targets in the following lakes/reservoirs located in the Upper Big Muddy River watershed:
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e Herrin Old / IL_RNZD

e Johnston City / IL_RNZE

o Arrowhead (Williamson) / IL_RNZX
e  West Frankfort Old / IL_RNP

o  West Frankfort New/ IL._RNQ

4.3.1 Model Selection

A detailed discussion of the model selection process is provided in the Stage 1 report (Attachment 1).
BATHTUB is a simple modeling tool that can predict the relationship between phosphorus load and
resulting in-lake phosphorus concentrations. The BATHTUB model was selected because it does not have
extensive data requirements (and can therefore be applied with existing data), yet still provides the
capability for calibration to observed lake data. BATHTUB has been used previously for several reservoir
TMDLs in Illinois, and has been cited as an effective tool for lake and reservoir water quality assessment
and management, particularly where data are limited (Ernst et al., 1994).

BATHTUB is a software program for predicting the lake/reservoir response to nutrient loading. Because
reservoir ecosystems typically have different characteristics than many natural lakes, BATHTUB was
developed to specifically account for some of these differences, including the effects of non-algal turbidity
on transparency and algae responses to phosphorus.

BATHTUB contains a number of empirical regression equations that have been calibrated using a wide
range of lake and reservoir data sets. It can treat the lake or reservoir as a continuously stirred, mixed
reactor, or it can predict longitudinal gradients in trophic state variables in a reservoir or narrow lake.
These trophic state variables include in-lake total and ortho-phosphorus, organic nitrogen, hypolimnetic
dissolved oxygen, metalimnetic dissolved oxygen, chlorophyll concentrations, and Secchi depth
(transparency). Both tabular and graphical displays are available from the program.

4.3.2 Modeling Approach

The approach taken for the total phosphorus TMDLSs consisted of using existing empirical data to define
current loads to each of the lakes, and using the BATHTUB model to define the extent to which these
loads must be reduced to meet water quality standards. This approach was taken because phosphorus
concentrations exceed the water quality standards, often by significant amounts. Phosphorus loads will
need to be reduced to a fraction of existing load in order to attain water quality standards.

4.3.3 BATHTUB Model Inputs

This section gives an overview of the model inputs required for BATHTUB application, and how they were
derived for application to the reservoirs on this project. The following categories of inputs are required for
BATHTUB:

e Model Options

e Global Variables

e Reservoir Segmentation

e Tributary Loads
The model options and global variables applied universally across the 5 lakes that were modeled in
BATHTUB for this this project. Those are discussed below, with the descriptions of the reservoir
segmentation and tributary loads in each model contained in separate sections of this report.
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4.3.3.a Model Options

BATHTUB provides a multitude of model options to estimate nutrient concentrations in a reservoir.
Model options were entered as shown in Table 4-5, and the rationale for these options discussed below.
No conservative substance was being simulated, so this option was not needed. The Canfield and
Bachman phosphorus option was selected for phosphorus, as this is a commonly used formulation for
Midwestern phosphorus TMDLs (e.g. MPCA, 2007; https://www.pca.state.mn.us/sites/default/files/wq-
iw8-03e.pdf) Nitrogen was not simulated because phosphorus is the nutrient of concern.

Chlorophyll a and transparency were not simulated because the water quality target is specified as total
phosphorus. The Fischer numeric dispersion model was selected, which is the default approach in
BATHTUB for defining mixing between lake segments. Phosphorus calibrations were based on lake
concentrations. No nitrogen calibration was required. The use of availability factors was not required and
estimated concentrations were used to generate mass balance Tables.

Table 4-5. BATHTUB Model Options

Model Model Option
Conservative substance Not computed
Total phosphorus Canfield and Bachman
Total nitrogen Not computed
Chlorophyll-a Not computed
Transparency Not computed
Longitudinal dispersion Fischer-numeric
Phosphorus calibration Concentrations
Nitrogen calibration None
Error analysis Model and Data
Availability factors Ignored
Mass-balance Tables Use estimated concentrations

4.3.3.b Global variables
The global variables required by BATHTUB consist of:

e The averaging period for the analysis
e Precipitation, evaporation, and change in lake levels
e Atmospheric phosphorus loads

BATHTUB is a steady state model, whose predictions represent concentrations averaged over a period of
time. One decision in the application of BATHTUB is the selection of length of time over which inputs and
outputs should be modeled. An annual averaging period was used for all lakes in the Upper Big Muddy
watershed, consistent with the fact that tributary loading estimates represented annual average
conditions.

There was no assumed increase in storage during the modeling period, to represent steady state
conditions. The values selected for precipitation and change in lake levels have little influence on model
predictions. Atmospheric phosphorus loads were specified using default values provided by BATHTUB.

4.3.3.c Reservoir Segmentation

BATHTUB provides the capability to divide the reservoir under study into a number of individual
segments, allowing prediction of the change in phosphorus concentrations over the length of each
segment. The segmentation scheme selected for the lakes modeled was designed to provide at least two
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segments per lake, to include segment representing the deeper conditions near the dam, and at least one
upstream segment, depending on the lake and the conficuration of the primary lake sampling stations.

Table 4-6. BATHTUB Model Segmentation

Total Size Model
Lake / Reservoir (ac) Segments
Herrin Old / IL_RNZD 51.3 2
Johnston City / IL_RNZE 64 2
Arrowhead (Williamson) / IL_RNZX 30 3
West Frankfort Old / IL_RNP 146 2
West Frankfort New/ IL_RNQ 214 3

The areas of the segments and the watersheds for the segments were determined by Geographic
Information System (GIS), and maps are provided for each of the lakes provided below.

BATHTUB requires that a range of inputs be specified for each segment. These include segment surface
area, length, total water depth, and depth of thermocline and mixed layer. Segment-specific values for
segment depths (total, thermocline and mixed layer) were calculated from the lake monitoring data, while
segment lengths and surface areas were calculated via GIS.

4.3.3.d Tributary Loads

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of
drainage area ratios as follows:

Flow into segment = Flow at USGS gage * Segment-specific drainage area ratio

Drainage area ratio = Drainage area of watershed contributing to model segment
Drainage area of watershed contributing to USGS gage

Segment-specific drainage area ratios were calculated via GIS information.

Total phosphorus concentrations for each tributary and direct drainage inflow were estimated by dividing
the watershed phosphorus load (calculated based on land use and literature phosphorus loading rates) by
the tributary flow.

Average total phosphorus concentrations = Annual watershed phosphorus loads / Annual tributary flow

A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4.

4.3.4 BATHTUB Calibration
BATHTUB model calibration consists of:

Applying the model with all inputs specified as above

Comparing model results to observed phosphorus data

Adjusting model coefficients to provide the best comparison between model predictions and
observed phosphorus data.

Additional site-sprecific information on the calibration of the BATHTUB model application for each
reservoir in the Upper Big Muddy River watershed is given in the sections below.
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4.3.5 Herrin Old / IL_RNZD BATHTUB Model Application

Herrin Old Reservoir is a 51 acre lake located in Williamson County, Illinois. It is approximately 21 feet
deep at its deepest point near the dam at the downstream side of the lake. Herrin Old Lake requires a
TMDL for total phosphorus.

The listing and recommendation of a TMDL for total phosphorus in the Stage 1 report was based on a
single water quality sample taken in 2011 that exceeded the water quality standard of 0.05 mg/L.
Additional data from 2012 and 2013 was provided by IEPA for the modeling and TMDL preparation. The
new data shows that the water quality sampled at the upstream stations (RNZDo2 & RNZD-3) all met the
water quality standards. These were all sampled at a depth of 1 ft. The only samples taken during this
period that exceeded the water quality standard we taken at station RNZD-1 at depths near the bottom of
the reservoir. This indicates that the internal phosphorus loading from sedimants is the primary source
contributing to the impairment of the water body.
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4.3.5.a Reservoir Segmentation
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Figure 4-10. Old Herrin Reservoir (IL_RNZD) Segmentation Used in BATHTUB Model

4.3.5.b Tributary Loads

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of
drainage area ratios as described in section 4.3.3.d above.

Annual average flow from the contributing watershed calculated using the above method was 3.2 cfs, and
the annual average total phosphorus concentrations (calculated based on land use and literature
phosphorus loading rates) 0.029 mg/L. This correlated well with the observed total phosphorus
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concentrations at the upstream sampling stations (RNZD-2 and RNZD-3). The total estimated annual
watershed load is 84.3 kg/yr of total phosphorus.

A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4.

4.3.5.c BATHTUB Calibration

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data
for the year 2012 were used for calibration purposes.

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model
results using default model parameters initially under-predicted the observed phosphorus, i.e. model
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical
“net settling rate” (i.e. settling minus sediment release) observed in a range of reservoirs. Under-
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from
lake sediments. The mismatch between model and data was corrected via the addition of an internal
phosphorus load of 12 mg/m?2/day in the downstream model segment (Segment 1). This internal load
estimate was adjusted during the model calibration to match th observed data. The resulting modeled and
observed total phosphorus concentrations are shown in Figure 4-11. BATHTUB output files are provided
in Attachment 4.
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Figure 4-11. Herrin Old (IL_RNZD) BATHTUB Segment Modeled vs. Observed Total Phosphorus
Concentration

4.3.6 Johnston City / IL_RNZE BATHTUB Model Application

Johnston City Lake / IL_RNZE is an impoundment of Lake Creek; it is just east of Freeman No. 4 Mine.
The lake requires a TMDL for total phosphoru. The most recent water quality data for Johnston City Lake
is from 2002. There are three sampling stations located within the lake, as shown in Figure 4-12 below.
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4.3.6.a Reservoir Segmentation
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Figure 4-12. Johnston City Lake (IL_RNZE) Segmentation Used in BATHTUB Model

4.3.6.b Tributary Loads

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of
drainage area ratios as described in section 4.3.3.d above.

Annual average flow from the contributing watershed calculated using the above method was 4.9 cfs, and
the annual average total phosphorus concentrations (calculated based on land use and literature
phosphorus loading rates) 0.040 mg/L. The total estimated annual watershed load is 175.5 kg/yr of total
phosphorus.
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A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4.

4.3.6.c BATHTUB Calibration

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data
for the year 2002 were used for calibration purposes.

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model
results using default model parameters initially under-predicted the observed phosphorus, i.e. model
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical
“net settling rate” (i.e. settling minus sediment release) observed in a range of reservoirs. Under-
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from
lake sediments. The mismatch between model and data was corrected via the addition of an internal
phosphorus load of 2 mg/m2/day in the upstream model segment (Segment 2). The resulting modeled
and observed total phosphorus concentrations are shown in Figure 4-13. BATHTUB output files are
provided in Attachment 4.
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Figure 4-13. Johnston City Lake (IL_RNZE) BATHTUB Segment Modeled vs. Observed Total
Phosphorus Concentration

4.3.7 Arrowhead (Williamson) / IL_RNZX BATHTUB Model Application

Arrowhead Lake (Williamson) / IL_RNZX is located just northeast of Johnston City, near Shakerag, IL.
Arrowhead requires a TMDL for total phosphorus.
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4.3.7.a Reservoir Segmentation
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Figure 4-14. Arrowhead (Williamson) (IL_RNZX) Segmentation Used in BATHTUB Model

4.3.7.b Tributary Loads

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of
drainage area ratios as described in section 4.3.3.d above.

Annual average flow from the contributing watershed calculated using the above method was 1.0 cfs, and
the annual average total phosphorus concentration (calculated based on land use and literature
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phosphorus loading rates) was 0.046 mg/L. The total estimated annual watershed load is 39.7 kg/yr of
total phosphorus.

A complete listing of all segment-specific flows and tributary concentrations is provided in Attachment 4.

4.3.7.c BATHTUB Calibration

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data
for the year 2013 were used for calibration purposes.

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model
results using default model parameters initially under-predicted the observed phosphorus, i.e. model
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical
“net settling rate” (i.e. settling minus sediment release) observed in a range of reservoirs. Under-
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from
lake sediments. The mismatch between model and data was corrected via the addition of an internal
phosphorus load of 12 mg/m2/day. The resulting modeled and observed total phosphorus concentrations
are shown in Figure 4-15. BATHTUB output files are provided in Attachment 4.
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Figure 4-15. Arrowhead (Williamson) (IL_ RNZX) BATHTUB Segment Modeled vs. Observed Total
Phosphorus Concentration

4.3.8 West Frankfort Old / IL_RNP BATHTUB Model Application

West Frankfort Old City Lake is a 147 acre impoundment located approcimately 6 miles east of the West
Frankfort in Franklin County that requires a TMDL for total phosphorus. The water quality data used to
develop the BATHTUB model was collected in 2008 and 2013.
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4.3.8.a Reservoir Segmentation

The BATHTUB model for the West Franklin Old Reservior, was developed with two model segments as
shown in Figure 4-16, one representing the upstream monitoring stations (RNP-2 & RNP-3), and one
representing the downstream station at the deepest portion of the lake (RNP-1).
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Figure 4-16. West Frankfort Old (IL_RNP) and West Frankfort New (IL_RNQ) Lake Segmentation
Used in BATHTUB
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4.3.8.b Tributary Loads

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of
drainage area ratios as described in section 4.3.3.d above.

Annual average flow from the contributing watershed calculated using the above method was 5.0 cfs, and
the annual average total phosphorus concentration (calculated based on land use and literature
phosphorus loading rates) was 0.164 mg/L. The total estimated annual watershed load is 725.5 kg/yr
(1599.5 Ib/year) of total phosphorus.

4.3.8.c BATHTUB Calibration

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data
for the years 2008 and 2013 were used for calibration purposes.

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model
results using default model parameters initially under-predicted the observed phosphorus, i.e. model
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical
“net settling rate” (i.e. settling minus sediment release) observed in a range of reservoirs. Under-
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from
lake sediments. The mismatch between model and data was corrected via the addition of an internal
phosphorus load of 40 mg/mz2/day in the downstream segment (Segment 1). The resulting modeled and
observed total phosphorus concentrations are shown in Figure 4-17. BATHTUB output files are provided
in Attachment 4.
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Figure 4-17. West Frankfort Old (IL_RNP) BATHTUB Segment Modeled vs. Observed Total
Phosphorus Concentration
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4.3.9 West Frankfort New/ IL_RNQ BATHTUB Model Application

4.3.9.a Reservoir Segmentation

West Frankfort New reservoir is located northeast of West Franklin Old Reservior, as shown in Figure
4-16. The BATHTUB model was developed with three model segments, one for each of the primary
monitoring station in the lake.

4.3.9.b Tributary Loads

BATHTUB requires tributary flow and nutrient concentrations for each reservoir segment. Tributary and
direct drainage flows to each segment were estimated using observed flows at the USGS gaging station at
on Crab Orchard Creek near Marion, IL (USGS gage number 05597500), adjusted through the use of
drainage area ratios as described in section 4.3.3.d above.

Annual average flow from the contributing watershed calculated using the above method was 10.0 cfs, and
the annual average total phosphorus concentration (calculated based on land use and literature
phosphorus loading rates) was 0.1116 mg/L. The total estimated annual watershed load is 1036.2 kg/yr of
total phosphorus.

In addition to the watershed loads, there is a point source load from the Thompsonville STP (ILoo72478).
The design average flow (DAF) for the facility is 0.08 million gallons per day (MGD) and the design
maximum flow (DMF) for the facility is 0.20 MGD. Treatment consists of two cell aerated lagoon and rock
filter.

The average daily flows from this STP reported in the DMRs from 2008 through 2016 is 0.087 MGD.
There is no water quality data for total phosphorus from this point source to use for model calibration.
The total phosphorus concentration in the STP effluent was assumed to be 2.425 mg/L. With the monthly
average flows reported on the DMRs for that facility, the annual average loading from the Thompsonville
STP is 289.8 kg/yr (1.75 1b/day).

Based on the combined flow and loads from the sources identified above, the total annual average
concentration into the reservoir is 0.148 mg/L, with a total annual loading of 1326 kg/yr (8.01 1b/day).

4.3.9.c BATHTUB Calibration

The BATHTUB model was initially applied with the model inputs as specified above. Observed lake data
for the year 2013 were used for calibration purposes.

BATHTUB was calibrated to match the observed reservoir-average phosphorus concentrations. Model
results using default model parameters initially under-predicted the observed phosphorus, i.e. model
predictions were lower than observed concentrations. Phosphorus loss rates in BATHTUB reflect a typical
“net settling rate” (i.e. settling minus sediment release) observed in a range of reservoirs. Under-
prediction of observed phosphorus concentrations can occur in cases of elevated phosphorus release from
lake sediments. The mismatch between model and data was corrected via the addition of internal
phosphorus loads of 25 mg/m2/day in Segment 3 (upstream), 35 mg/m2/day in Segment 2, and 90
mg/m2/day in Segment 1 (downstream). The resulting modeled and observed total phosphorus
concentrations are shown in Figure 4-18. BATHTUB output files are provided in Attachment 4.
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Figure 4-18. West Frankfort New (IL_RNQ) BATHTUB Segment Modeled vs. Observed Total
Phosphorus Concentration

4.4 Total Suspended Solids Model for Load Reduction Strategy Development

This section describes the model selection and modeling approach for the total suspended solids load
reduction strategy for the following waterbodies in the Upper Big Muddy River watershed, identified by
IEPA as being impaired due to elevated total suspended solids concentrations:

e Herrin Old / IL_RNZD

e Johnston City / IL,_RNZE

e  West Frankfort Old / IL._RNP

o  West Frankfort New/ IL,_RNQ
e Big MuddyR. / IL_N-06

e BigMuddyR./IL N-11

e BigMuddyR./IL N-17

e Hurricane Creek / IL_NF-01

e PondCr./IL_NG-02

e M. Fk. Big Muddy / IL_NH-o07

4.4.1 Modeling Approach

The total suspended solids load reduction strategy is based on a simple empirical model using the average
of all available TSS data on each waterbody, and comparing it with the LRS endpoint concentration
identified in Section 3.1.
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The load reduction target concentration for TSS for all streams in this watershed is 27.75 mg/L. For all
lakes in the watershed, the load reduction targets concentration is 23 mg/L.

After reviewing the water quality data available, it was found that the following waterbodies have average
TSS concentrations already below the target for the watershed, and therefore will not have LRSs prepared.

e Herrin Old / IL_RNZD

e Johnston City / IL_RNZE

e  West Frankfort Old / IL_RNP
e  West Frankfort New/ IL,_ RNQ
e Hurricane Creek / IL_NF-o01
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5

TMDL Development for the Upper Big Muddy River
Watershed

This section presents the development of the TMDLs for the following waterbodies in the Upper Big
Muddy River watershed:

e Upper Big Muddy River (IL_N-11) for fecal coliform

e Andy Cr. (IL_NZN-13) for iron.

e Lake Cr. (IL_NGA-02) for dissolved oxygen.

e Beaver Cr. (IL_NGAZ-JC-D1) for manganese.

e Pond Cr. (IL_NG-02) for chloride.

e Middle Fork Big Muddy (IL_NH-06) for fecal coliform.
e Arrowhead (Williamson) (IL_RNZX) for total phosphorus.
e Herrin Old (IL_RNZD) for total phosphorus.

e Johnston City (IL_RNZE) for total phosphorus.

e  West Frankfort Old (IL_RNP) for total phosphorus.

e  West Frankfort New (IL_RNQ) for total phosphorus.

In addition, a dissolved oxygen TMDL was planned for Andy Creek (IL_NZN-13), but after reviewing the
field data and developing the QUAL2E model, it was determined that the low flows and high sediment
oxygen demand were the primary causes of the low dissolved oxygen in this stream, not external pollutant
loadings.

5.1 Andy Creek (IL_NZN-13) Dissolved Oxygen TMDL

A dissolved oxygen assessment was conducted for Andy Creek segment IL._NZN-13. The result of this
assessment indicates that low stream flows preclude attainment of dissolved oxygen standards, even in
the complete absence of external pollutant loads. For this reason, a TMDL is not being developed for
dissolved oxygen. Details of the assessments are discussed below.

Two lines of assessment were used to make the determination that it is low stream flows, rather than
external pollutant loads, that precludes attainment of dissolved oxygen standards:

1. Sediment oxygen demand is the dominant component of the dissolved oxygen mass balance
provided by QUAL2E.

2. Setting all external loading sources to zero in the QUAL2E model does not result in attainment in
dissolved oxygen standards.

3. Leaving all external loads at currently specified values, but increasing base stream flow, does
result in attainment with dissolved oxygen standards.

5.1.1 Calculation of Loading Capacity

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still
maintain compliance with water quality standards.
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The first step in determining the loading capacity was to reduce external sources of oxygen-demanding
substances to determine whether these reductions would result in the river attaining the dissolved oxygen
target.

QUAL2E simulations showed that, even with incremental inflow and permitted BOD loads set to zero,
compliance with the dissolved oxygen standards was not attained. Examination of model results showed
that sediment oxygen demand was the dominant source of the oxygen deficit, and that DO standards
could only be attained during critical periods via reduction of SOD.

5.2 Lake Creek (IL_NGA-02) Dissolved Oxygen TMDL

A dissolved oxygen assessment was conducted for Lake Creek segment IL._NGA-02 utilizing the data
collected in September 2015 and a QUAL2E model. The QUAL2E model was calibrated to the data
available, which occurred during a month when there were effluent limit violations from the Johnston
City STP for both CBOD5 and ammonia nitrogen.

To determine if the effluent violations were causing the observed DO impairments, the QUAL2E model
was run with modifying the input loads from the Johnston City STP to the current permit limits of 10
mg/L CBODj; (monthly average effluent limit) and 1.5 mg/L ammonia nitrogen (monthly average effluent
limit), and 6.0 mg/L of dissolved oxygen (monthly average minimum) at the design average flow for the
facility of 0.55 MGD.

The result of this assessment shows that if the Johnston City STP effluent meets the above noted limits.
The dissolved oxygen concentration in the stream reaches a minimum level of 5.37 mg/L, which is above
the 5.0 mg/L endpoint selected for the TMDL based on the State of Illinois water quality standards.

5.2.1 Calculation of Loading Capacity

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still
maintain compliance with water quality standards.

The first step in determining the loading capacity was to reduce external sources of oxygen-demanding
substances to determine whether these reductions would result in the river attaining the dissolved oxygen
target.

QUAL:2E simulations showed that with the point load CBOD; and ammonia nitrogen loads set to zero,
compliance with the dissolved oxygen standards was attained with a minimum dissolved oxygen
concentration of 5.38 mg/L.

Further QUAL2E simulations with adjusted BOD, dissolved oxygen, and ammonia nitrogen loads from
the Johnston City STP were performed to determine the loading capacity. As noted above, QUAL2E model
simulations with the input loads from the Johnston City STP set to the current permit limits of 10 mg/L
CBOD; (monthly average effluent limit) and 1.5 mg/L ammonia nitrogen (monthly average effluent limit),
and 6.0 mg/L of dissolved oxygen (monthly average minimum) at the design average flow for the facility
of 0.55 MGD resulted in a minimum dissolved oxygen concentration of 5.37 mg/L, which is above the 5.0
mg/L endpoint selected for the TMDL based on the State of Illinois water quality standards.

Additional QUAL2E simulations were performed with the input loads from the Johnston City STP
adjusted until the minimum dissolved oxygen concentration was 5.0 mg/L to determine the maximum
loading capacity of the stream. The loading capacity of the stream for ammonia nitrogen was determined

! Although SOD is the dominant source of the oxygen deficit, the true cause of low dissolved oxygen is a lack of
base flow (which greatly exacerbates the effect of SOD). Because TMDLs cannot be written to control flow, no
TMDL was developed for this stream segment.
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to be 1.80 mg/L, with a CBOD; load of 11 mg/L, and 5.45 mg/L of dissolved oxygen at the design average
flow for the facility. The total loading capacity for Lake Creek segment IL_NGA-02 for ammonia nitrogen
is 8.25 1b/day.

5.2.2 Allocation

A TMDL consists of waste load allocations (WLAs) for point sources, load allocations (LAs) for nonpoint
sources, and a margin of safety (MOS). This definition is typically illustrated by the following equation:

TMDL = WLA + LA + MOS

The WLA for the Johnston City STP into Lake Creek segment IL_NGA-02 was calculated based on the
permitted design average flow for the facility, and the current NPDES effluent limit concentration for
ammonia nitrogen of 1.5 mg/L (monthly average limitation). The WLA for Lake Creek is presented in
Table 5-1.

Table 5-1. Lake Creek Segment IL_ NGA-02 Watershed Permitted Dischargers and WLAs

Ammonia
Nitrogen
Effluent
Goncentration Design average WLA
NPDES ID Facility Name (mg/L) flow (MGD) (Ib/day)
1L0029301 Johnston City STP 1.50 0.55 6.88

The remaining loading capacity is given to the load allocation for nonpoint sources and the margin of
safety. The load allocation for nonpoint sources is not divided into individual source categories for
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the
contributions of specific sources to the overall phosphorus load. Given a total loading capacity of 8.25
Ibs/day of ammonia nitrogen, a WLA for the Johnston City STP of 6.88 lbs/day, and an explicit margin of
safety of 10% (discussed below ), the load allocation for Lake Creek segment IL_NGA-02 is 0.54 1bs/day.

5.2.3 Seasonality

This TMDL was conducted with an explicit consideration of seasonal variation. The QUAL2E model and
the sampling were performed during a low flow period, which is critical for determining loads associated
with low dissolved oxygen.

5.2.4 Margin of Safety

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an
appropriate value based upon the generally good agreement between the QUAL2E water quality model
predicted values and the observed values. Since the model reasonably reflects the conditions in the
stream, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL,
based upon the data available. This margin of safety can be reviewed in the future as new data are
developed. The resulting explicit total ammonia nitrogen load allocated to the margin of safety is 0.825
Ibs/day for Lake Creek.

5.2.5 Reserve Capacity

Lake Creek is located in Williamson County, the population of which has increased by 8.3% between 2000
and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin County
population at 66,357.
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The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional
Planning and Development Commission, referencing US Census Bureau projections, states that the
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady
(or slightly declining) through 2030 (GERPDC 2010).

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this
time IEPA is not aware of any increases in discharges from the existing point sources, or the
establishment of future municipal or industrial point sources.

5.2.6 TMDL Summary

The dissolced oxygen (ammonia) TMDL for Lake Creek segment IL_NGA-02, is presented in Table 5-2.
Table 5-2. Lake Creek IL_ NGA-02 TMDL Summary

Load (lbs/day)

Allocation Total Ammonia Nitrogen

Load Capacity (LC) 8.25

Wasteload Allocation (WLA) | 6.88

Load Allocation (LA) 0.54

Margin of safety (10% of LC) | 0.83

5.3 Upper Big Muddy River (IL_N-11) Fecal Coliform TMDL

Aload capacity calculation approach was applied to support development of a fecal coliform TMDL for
Upper Big Muddy River segment IL,_N-11.

5.3.1 Calculation of Loading Capacity

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still
maintain compliance with water quality standards.

The loading capacity for Upper Big Muddy River segment IL,_N-11 was defined over a range of specified
flows based on expected Upper Big Muddy River flows at the mouth of the creek. The allowable loading
capacity was computed by multiplying flow by the TMDL target (200 cfu/100 mL). The fecal coliform
loading capacity for IL_N-11 is presented in Table 5-3.
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Table 5-3. Fecal Coliform Load Capacity (IL_N-11)

Flow Exceedance Percentile from the

Upper Big Muddy River Flow (cfs)

May 2019

Allowable Load

LDC (cfu/day)
99% 9.7 4.8E+10
95% 11 5.6E+10
90% 13 6.2E+10
80% 16 7.7E+10
70% 22 1.1E+11
60% 35 1.7E+11
50% 57 2.8E+11
40% 93 4.6E+11
30% 150 7.6E+11
20% 260 1.3E+12
10% 610 3.0E+12
5% 1700 8.3E+12
1% 7200 3.5E+13

The maximum fecal coliform concentrations recorded between May and October were examined for each
flow duration interval, as shown in Table 5-4, in order to estimate the percent reduction in existing loads
required to meet the 200 cfu/100 mL target. As shown in Table 5-4, a greater reduction is needed at
higher river flows to meet the target. During these higher flow periods, fecal coliform measurements were
observed to exceed 200 cfu/100 mL more frequently.

Table 5-4. Required Reductions in Existing Loads under Different Flow Conditions (IL_N-11)

# samples
> 200/ Maximum fecal coliform
Flow Percentile Upper Big Muddy River # samples concentration (cfu/100 | Percent Reduction to
Interval Flow (cfs) (May-Oct) ml) Meet Target
0-30 28,875 -154 3/8 4,500 95.6%
30-70 154 -21.9 7/22 3,600 94.4%
70-100 219-6.9 1/15 210 4.8%

5.3.2 Allocation

A TMDL consists of waste load allocations (WLAs) for point sources, load allocations (LAs) for nonpoint
sources, and a margin of safety (MOS). This definition is typically illustrated by the following equation:

TMDL = WLA + LA + MOS

The WLA for the 10 permitted sewage treatment plant discharges in the Upper Big Muddy River segment
IL_N-11 watershed was calculated based on the permitted design average flow for these dischargers and a
fecal coliform concentration that is consistent with meeting the TMDL target (200 cfu/100mL). Eight of
the ten NPDES-permitted dischargers have disinfection exemptions, therefore, the WLA is based on the
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dischargers meeting 200 cfu/100 mL at the downstream end of their exempted reach. WLAs are

presented in Table 5-5.

Table 5-5. Segment IL_N-11 Watershed Permitted Dischargers and WLAs

isi i Design average WLA
NPDES ID Facility Name LT . 3
exemption? flow (MGD) (cfu/day)
ILG580083 VALIER STP Yes, year-round 0.08 6.06E+08
ILG580215 WEST CITY STP Yes, year-round 0.1 7.57E+08
ILG580221 HANAFORD STP Yes, year-round 0.042 3.18E+08
ILG580272 ORIENT STP Yes, year-round 0.0752 5.69E+08
LB CAMPING- No (400 cfu / 100
IL0O050466 . 0.0051 3.86E+07
SESSER STP mL Daily Max)
HILL CITY
IL0061760 APARTMENTS- Yes, year-round 0.004 3.03E+07
BENTON
REND LAKE CONS.
IL0065111 Yes, year-round 0.5 3.79E+09
DIST. STP
1L0020851 CHRISTOPHER STP Yes, year-round 0.768 5.81E+09
BENTON No (400 cfu / 100
IL0022365 . 1.01 7.65E+09
NORTHWEST STP mL Daily Max)
WEST FRANKFORT
IL0031704 STP Yes, year-round 1.4 1.06E+10

May 2019

The total WLA for the ten (10) point source dischargers in the IL_N-11 watershed is 3.02E+10 cfu/day.

This does not include any dischargers in the areas upstream of Rend Lake. The significant retention time
and settling capacity in the reservior are assumed to reduce fecal coliform loads from the upstream areas
to be below the water quality standards.

The remainder of the loading capacity is given to the load allocation for nonpoint sources as an implicit
MOS was used in this TMDL (Table 5-6). The load allocations are not divided into individual source

categories for purposes of this TMDL, as it is the intent of the implementation plan to provide detail on
the contributions of specific sources to the overall fecal coliform load.
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Table 5-6. Fecal Coliform TMDL for Segment IL._ N-11 Upper Big Muddy River!

Wasteload Allocation
Upper Big Muddy River | Allowable Load (WLA) Load Allocation (LA)
Flow (cfs) (cfu/day) (cfu/day) (cfu/day)
12.6 6.16E+10 3.02E+10 3.14E+10
15.8 7.75E+10 3.02E+10 4.73E+10
219 1.07E+11 3.02E+10 7.71E+10
349 1.71E+11 3.02E+10 1.41E+11
56.9 2.78E+11 3.02E+10 2.48E+11
93.4 4,57E+11 3.02E+10 4,27E+11
154 7.55E+11 3.02E+10 7.25E+11
260 1.27E+12 3.02E+10 1.24E+12
609 2.98E+12 3.02E+10 2.95E+12
7226 3.54E+13 3.02E+10 3.53E+13

This TMDL has an implicit Margin of Safety, so MOS is not included in this table.

5.3.3 Critical Condition

TMDLs must take into account critical environmental conditions to ensure that the water quality is
protected during times when it is most vulnerable. Figure 4-5 provides a graphical depiction of the data
compared to the load capacity, showing that exceedances of the TMDL target occur over the full range of
flow conditions. TMDL development utilizing the load-duration approach applies to the full range of flow
conditions; therefore critical conditions were addressed during TMDL development.

5.3.4 Seasonality

This TMDL was conducted with an explicit consideration of seasonal variation. The load capacity
calculation approach used for the TMDL evaluated seasonal loads because only May through October
water quality data were used in the analysis, consistent with the specification that the standard only
applies during this period. The fecal coliform standard will be met regardless of flow conditions in the
applicable season because the load capacity calculations specify target loads for the entire range of flow
conditions that are possible to occur in any given point in the season where the standard applies.

5.3.5 Margin of Safety

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any
uncertainty concerning the relationship between pollutant loading and receiving water quality. The MOS
can be either implicit (e.g., incorporated into the TMDL analysis through conservative assumptions), or
explicit (e.g., expressed in the TMDL as a portion of the loading), or expressed as a combination of both.
The fecal coliform TMDL contains an implicit margin of safety, through the use of multiple conservative
assumptions. First, the TMDL target (no more than 200 cfu/100 mL at any point in time) is more
conservative than the more restrictive portion of the fecal coliform water quality standard (geometric
mean of 200 cfu/100 mL for all samples collected May through October). An additional implicit Margin of
Safety is provided via the use of a conservative model to define load capacity. The model assumes no
decay of bacteria that enter the river, and therefore represents an upper bound of expected concentrations
for a given pollutant load. This margin of safety can be reviewed in the future as new data are developed.
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5.4 Middle Fork Big Muddy (IL_NH-06) Fecal Coliform TMDL

May 2019

Aload capacity calculation approach was applied to support development of a fecal coliform TMDL for
Middle Fork Big Muddy River segment IL._NH-06.

5.4.1 Calculation of Loading Capacity

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still
maintain compliance with water quality standards.

The loading capacity for the Middle Fork Big Muddy River segment IL_NH-06 was defined over a range
of specified flows based on expected flows at the outlet of the segment. The allowable loading capacity
was computed by multiplying flow by the TMDL target (200 cfu/100 mL). The fecal coliform loading
capacity for IL_NH-06 is presented in Table 5-7.

Table 5-7. Fecal Coliform Load Capacity (IL_NH-06)

Flow Exceedance Percentile from the| Middle Fork Big Muddy River Flow Allowable Load
LDC (cfs) (cfu/day)
99% 5.0 2.5E+10
95% 5.8 2.9E+10
90% 6.5 3.2E+10
80% 8.1 4.0E+10
70% 11 5.5E+10
60% 18 8.8E+10
50% 29 1.4E+11
40% 48 2.4E+11
30% 79 3.9E+11
20% 130 6.5E+11
10% 310 1.5E+12
5% 870 4.2E+12

1% 3700 1.8E+13

The maximum fecal coliform concentrations recorded between May and October were examined for each
flow duration interval, as shown in Table 5-8, in order to estimate the percent reduction in existing loads
required to meet the 200 cfu/100 mL target. As shown in Table 5-8, the greatest reduction is needed at
normally encountered river flows to meet the target. During these higher flow periods, fecal coliform
measurements were observed to exceed 200 cfu/100 mL more frequently (as a fraction of the samples

taken).
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Table 5-8. Required Reductions in Existing Loads under Different Flow Conditions (IL_NH-06)

# samples
> 200/ Maximum fecal coliform
Flow Percentile Upper Big Muddy River # samples concentration Percent Reduction to
Interval Flow (cfs) (May-Oct) (cfu/100 ml) Meet Target
0-30 14,849 - 79 7/7 20,000 99.0%
30-70 79-11.3 10/ 18 63,600 99.7%
70-100 11.3-3.55 7/21 1,760 88.6%

5.4.2 Allocation

A TMDL consists of waste load allocations (WLAs) for point sources, load allocations (LAs) for nonpoint
sources, and a margin of safety (MOS). This definition is typically illustrated by the following equation:

TMDL = WLA + LA + MOS

The WLA for the 3 permitted sewage treatment plant discharges in the Middle Fork Big Muddy River
segment IL_NH-06 watershed was calculated based on the permitted design average flow for these
dischargers and a fecal coliform concentration that is consistent with meeting the TMDL target (200
cfu/roomL). All three of these NPDES-permitted dischargers have disinfection exemptions, therefore,
the WLA is based on the dischargers meeting 200 cfu/100 mL at the downstream end of their exempted
reach. WLAs are presented in Table 5-9.

Table 5-9. Segment IL_NH-06 Permitted Dischargers and WLAs

Disinfection Design average WLA
NPDES ID Facility Name exemption? flow (MGD) (cfu/day)
ILG580221 HANAFORD STP Yes, year-round 0.042 3.18E+08
HILL CITY
IL0061760 APARTMENTS- Yes, year-round 0.004 3.03E+07
BENTON
REND LAKE CONS.
IL0065111 Yes, year-round 0.5 3.79E+09
DIST. STP

The total WLA for the three (3) point source dischargers in the IL_NH-06 watershed is 4.13E+09 cfu/day.

The remainder of the loading capacity is given to the load allocation for nonpoint sources as an implicit
MOS was used in this TMDL (Table 5-10). The load allocations are not divided into individual source

categories for purposes of this TMDL, as it is the intent of the implementation plan to provide detail on
the contributions of specific sources to the overall fecal coliform load.
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Table 5-10. Fecal Coliform TMDL for Segment IL._ NH-06 Upper Big Muddy River?!

Wasteload Allocation
Upper Big Muddy River | Allowable Load (WLA) Load Allocation (LA)

Flow (cfs) (cfu/day) (cfu/day) (cfu/day)
6.5 3.17E+10 4.13E+09 2.75E+10
8.1 3.99E+10 4.13E+09 3.57E+10
11.3 5.52E+10 4.13E+09 5.10E+10
18.0 8.79E+10 4.13E+09 8.38E+10
29.2 1.43E+11 4.13E+09 1.39E+11
48.0 2.35E+11 4.13E+09 2.31E+11
79.4 3.88E+11 4.13E+09 3.84E+11
134 6.54E+11 4.13E+09 6.50E+11
313 1.53E+12 4.13E+09 1.53E+12
3716 1.82E+13 4.13E+09 1.82E+13

1This TMDL has an implicit Margin of Safety, so MOS is not included in this table.

5.4.3 Critical Condition

TMDLs must take into account critical environmental conditions to ensure that the water quality is
protected during times when it is most vulnerable. Figure 4-9 provides a graphical depiction of the data
compared to the load capacity, showing that exceedances of the TMDL target occur over the full range of
flow conditions. TMDL development utilizing the load-duration approach applies to the full range of flow
conditions; therefore critical conditions were addressed during TMDL development.

5.4.4 Seasonality

This TMDL was conducted with an explicit consideration of seasonal variation. The load capacity
calculation approach used for the TMDL evaluated seasonal loads because only May through October
water quality data were used in the analysis, consistent with the specification that the standard only
applies during this period. The fecal coliform standard will be met regardless of flow conditions in the
applicable season because the load capacity calculations specify target loads for the entire range of flow
conditions that are possible to occur in any given point in the season where the standard applies.

5.4.5 Margin of Safety

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any
uncertainty concerning the relationship between pollutant loading and receiving water quality. The MOS
can be either implicit (e.g., incorporated into the TMDL analysis through conservative assumptions), or
explicit (e.g., expressed in the TMDL as a portion of the loading), or expressed as a combination of both.
The fecal coliform TMDL contains an implicit margin of safety, through the use of multiple conservative
assumptions. First, the TMDL target (no more than 200 cfu/100 mL at any point in time) is more
conservative than the more restrictive portion of the fecal coliform water quality standard (geometric
mean of 200 cfu/100 mL for all samples collected May through October). An additional implicit Margin of
Safety is provided via the use of a conservative model to define load capacity. The model assumes no
decay of bacteria that enter the river, and therefore represents an upper bound of expected concentrations
for a given pollutant load. This margin of safety can be reviewed in the future as new data are developed.
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5.5 Andy Creek (IL_NZN-13) Iron TMDL

A load capacity calculation approach was applied to support development of dissolved iron TMDL for
Andy Creek segment IL,_NZN-13.

5.5.1 Calculation of Loading Capacity

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still
maintain compliance with water quality standards. The loading capacity was defined over a range of
specified flows based on expected flows. The allowable loading capacity was computed by multiplying the
estimated flow in Andy Creek by the TMDL target concentration of 1 mg/1 (Table 5-11).

Table 5-11. Iron Load Capacity (IL_NZN-13)

Flow Exceedance Percentile from Allowable Load
Stream Flow (cfs)
the LDC (Ibs/day)
90% 0.1 0.27
80% 0.2 1.0
70% 0 2.5
60% 1 5.5
50% 2 1.3
40% 5 2.6
30% 9 4.8
20% 15 8.3
10% 40 2.1
5% 99 54

The maximum dissolved iron concentrations were examined for each flow duration interval, as shown in
Table 5-12, in order to estimate the percent reduction in existing loads required to meet the 1 mg/1 target.
Reductions of up to 9.9% in current loads are needed at higher river flows to meet the target. No
reductions are needed at lower flows.

Table 5-12. Required Reductions in Existing Loads under Different Flow Conditions (IL_NZN-13)

Flow Maximum Dissolved Percent
Percentile Stream Flow # samples > 1 mg/L Iron concentration Reduction to
Interval (cfs) / # samples (mg/L) Meet Target
0-30 3,572-9 1/1 1.11 9.9%
30-70 9-0.46 0/1 0.081 -
70-100 0.46-0 0/1 0.038 -

5.5.2 Allocation

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LLA) for nonpoint
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation:

There are no permitted dischargers of iron in the Andy Creek segment IL,_NZN-13 watershed, and

TMDL = WLA + LA + MOS

therefore the wasteload allocation did not need to be calculated.
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The remainder of the loading capacity is given to the load allocation for nonpoint sources and the MOS
(Table 5-13). The load allocations are not divided into individual source categories for purposes of this
TMDL, as it is the intent of the implementation plan to provide detail on the contributions of specific
sources to the overall iron load.

Table 5-13. Iron TMDL for Andy Creek (Segment IL. NZN-13)

Wasteload Allocation
Allowable Load MOS (10%) (WLA) Load Allocation (LA)
Stream Flow (cfs) (Ibs/day) (Ibs/day) (Ibs/day) (Ibs/day)
0.05 0.27 0.03 0 0.24
0.19 1.04 0.10 0 0.94
0.46 2.46 0.25 0 2.2
1.0 5.54 0.55 0 5.0
2.4 13.2 1.3 0 11.9
4.8 26.0 2.6 0 234
9.0 48.5 4.9 0 43.7
15 83.1 8.3 0 74.8
40 215 22 0 194
472 2541 254 0 2287

5.5.3 Critical Condition

TMDLs must take into account critical environmental conditions to ensure that the water quality is
protected during times when it is most vulnerable. Figure 4-6 provides a graphical depiction of the data
compared to the load capacity, showing that the TMDL target is exceeded during higher flow conditions.
TMDL development utilizing the load-duration approach applies to the full range of flow conditions,
including high flows; therefore critical conditions were addressed during TMDL development.

5.5.4 Seasonality

This TMDL was conducted with an explicit consideration of seasonal variation. The iron standard will be
met regardless of flow conditions in any season because the load capacity calculations specify target loads
for the entire range of flow conditions that are possible to occur in the stream.

5.5.5 Margin of Safety

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any
uncertainty concerning the relationship between pollutant loading and receiving water quality. The iron
TMDL contains an explicit margin of safety of 10%. This 10% margin of safety was included to address
potential uncertainty in the effectiveness of load reduction alternatives. This margin of safety can be
reviewed in the future as new data are developed.

5.6 Beaver Creek (IL_NGAZ-JC-D1) Manganese TMDL

Aload capacity calculation approach was applied to support development of a manganeseTMDL for
Beaver Creek segment II,_ NGAZ-JC-D1.
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5.6.1 Calculation of Loading Capacity

The loading capacity is defined as the maximum pollutant load that a waterbody can receive and still
maintain compliance with water quality standards. The loading capacity was defined over a range of
specified flows based on expected flows. The allowable loading capacity was computed by multiplying the
estimated Beaver Creek flow by the TMDL target concentration of 4.85 mg/1 (Table 5-14).

Table 5-14. Manganese Load Capacity (IL_NGAZ-JC-D1)

Flow Exceedance Percentile from the Allowable Load
Beaver Creek Flow (cfs)
LDC (Ibs/day)
80% 0.006 0.15
70% 0.01 0.36
60% 0.03 0.81
50% 0.07 1.93
40% 0.15 3.80
30% 0.27 7.10
20% 0.47 12.16
10% 1.2 31.42
5% 3.0 78.36
1% 14 371.98

The maximum manganese concentrations were examined for each flow duration interval, as shown in
Table 5-15, in order to estimate the percent reduction in existing loads required to meet the 4.85 mg/L
target. Reductions of 24.4% of current loads are needed based on the single water quality sample data
point sampled in the normally occurring flows interval. No reductions are are able to be calculated at
lower or higher flows based on the data available.

Table 5-15. Required Reductions in Existing Loads under Different Flow Conditions (IL_NGAZ-JC-
D1)

Flow Maximum Percent
Percentile Beaver Creek # samples > 4.85 mg/I Manganese Reduction to
Interval Flow (cfs) samples concentration (mg/L) Meet Target
0-30 108 - 0.27 0/0 - -
30-70 0.27-0.01 1/1 6.41 24.4%
70-100 0.01-0 0/0 - -

5.6.2 Allocation

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation:

TMDL = WLA + LA + MOS

There are no permitted dischargers of manganese in the Beaver Creer segment IL._NGAZ-JC-D1
watershed, and therefore the wasteload allocation did not need to be calculated.

The remainder of the loading capacity is given to the load allocation for nonpoint sources and the MOS
(Table 5-16). The load allocations are not divided into individual source categories for purposes of this
TMDL, as it is the intent of the implementation plan to provide detail on the contributions of specific
sources to the overall manganese load.
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Table 5-16. Manganese TMDL for Beaver Creek (Segment IL_ NGAZ-JC-D1)

Wasteload Allocation
Allowable Load MOS (10%) (WLA) Load Allocation (LA)
Flow (cfs) (Ibs/day) (Ibs/day) (Ibs/day) (Ibs/day)
0.01 0.36 0.04 0 0.32
0.03 0.81 0.08 0 0.73
0.07 1.9 0.2 0 1.7
0.15 3.8 0.4 0 34
0.27 7.1 0.7 0 6.4
0.5 12.2 1.2 0 11.0
1.2 31.3 3.1 0 28.2

5.6.3 Critical Condition

TMDLs must take into account critical environmental conditions to ensure that the water quality is
protected during times when it is most vulnerable. Figure 4-8 provides a graphical depiction of the data
compared to the load capacity, showing that the TMDL target is exceeded during higher flow conditions.
TMDL development utilizing the load-duration approach applies to the full range of flow conditions,
including high flows; therefore critical conditions were addressed during TMDL development.

5.6.4 Seasonality

This TMDL was conducted with an explicit consideration of seasonal variation. The manganese standard
will be met regardless of flow conditions in any season because the load capacity calculations specify
target loads for the entire range of flow conditions that are possible to occur in the river.

5.6.5 Margin of Safety

Total maximum daily loads are required to contain a Margin of Safety (MOS) to account for any
uncertainty concerning the relationship between pollutant loading and receiving water quality. The
manganese TMDL contains an explicit margin of safety of 10%. This 10% margin of safety was included to
address potential uncertainty in the effectiveness of load reduction alternatives. This margin of safety can
be reviewed in the future as new data are developed.

5.7 Herrin Old (IL_RNZD) Total Phosphorus TMDL

5.7.1 Calculation of the Loading Capacity

The loading capacity for Herrin Old Reservoir was determined by running the BATHTUB model
repeatedly, reducing the tributary nutrient concentrations and/or internal phosphorus loadings for each
simulation until model results demonstrated attainment of the water quality objective.

The maximum tributary concentration that results in compliance with water quality standards was used
as the basis for determining the loading capacity. The tributary concentration was then converted into a
loading rate through multiplication with the tributary flow.

The initial BATHTUB simulations and the sampling data from 2013 indicated that Herrin Old Reservoir
phosphorus concentrations would meet the the water quality standards using the lake-averaged
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phosphorus concentrations. The sampling data indicated that the only exceedances of the water quality
standard were at the deepest parts of the lake, which indicates that the internal phosphorus source needs
to be reduced by either capping the sediments (e.g. alum treatment or similar), or by dredging any organic
sediments from the lake. The resulting load, with calibrated tributary concentrations and no additional
sediment phosphorus load yields an average phosphorus load of 0.23 kg/day (0.51 lbs/day) and a
concentration of 0.029 mg/L. This is below the phosphorus target of 0.05 mg/L, so reductions in the
tributary loads are not necessary.

5.7.2 Allocation

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation:

TMDL = WLA + LA + MOS

There are no point sources in the watershed, and therefore there is no wasteload allocation given for
Herrin Old Reservoir. The entire loading capacity is given to the load allocation for nonpoint sources and
the margin of safety. The loading capacity is not divided into individual source categories for purposes of
this TMDL, as it is the intent of the implementation plan to provide detail on the contributions of specific
sources to the overall phosphorus load. Given a loading capacity of 0.23 kg/day (0.51 Ibs/day), and an
explicit margin of safety of 10% (discussed below ), the load allocation for Herrin Old Reservoir of 0.21
kg/day (0.46 lbs/day).

5.7.3 Critical Conditions

TMDLSs must take into account critical environmental conditions to ensure that the water quality is
protected during times when it is most vulnerable. Critical conditions were taken into account in the
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet
weather events can transport significant quantities of nonpoint source loads to lake. However, the water
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is
based upon an annual period that takes into account both spring loads and summer water quality in order
to effectively consider these critical conditions.

5.7.4 Seasonality

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual
loading analysis that was used is appropriate due to the facts that:

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant
reduction was achieved in sediment phosphorus release.

2. There is a long response time between phosphorus loading and sediment response, typically on
the order of several years (e.g. Chapra and Canale, 1991).
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5.7.5 Margin of Safety

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an
appropriate value based upon the generally good agreement between the BATHTUB water quality model
predicted values and the observed values. Since the model reasonably reflects the conditions in the
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL,
based upon the data available. This margin of safety can be reviewed in the future as new data are
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.02 kg/day
(0.04 1bs/day) for Herrin Old Reservoir.

5.7.6 Reserve Capacity

This watershed is located in Williamson County, the population of which has increased by 8.3% between
2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin
County population at 66,357.

The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional
Planning and Development Commission, referencing US Census Bureau projections, states that the
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady
(or slightly declining) through 2030 (GERPDC 2010).

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this
time IEPA is not aware of any increases in discharges from the existing point sources, or the
establishment of future municipal or industrial point sources.

5.7.7 TMDL Summary
The total phosphorus TMDL for Herrin Old Reservoir, segment IL._RNZD, is presented in Table 5-17.

Table 5-17. Herrin Old Reservior IL._ RNZD TMDL Summary

Allocation Total Phosphorus Load

kg/day (lbs/day)

Load Capacity (LC) 0.23 (0.51)

Wasteload Allocation (WLA) | Not applicable. There are
no permitted dischargers
in this watershed

Load Allocation (LA) 0.21 (0.46)

Margin of safety (10% of LC) | 0.02 (0.05)

5.8 Johnston City (IL_RNZE) Total Phosphorus TMDL

5.8.1 Calculation of the Loading Capacity

The loading capacity for Johnston City Reservoir was determined by running the BATHTUB model
repeatedly, reducing the tributary nutrient concentrations for each simulation until model results
demonstrated attainment of the water quality objective. The maximum tributary concentration that
results in compliance with water quality standards was used as the basis for determining the loading
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capacity. The tributary concentration was then converted into a loading rate through multiplication with
the tributary flow.

Initial BATHTUB load reduction simulations indicated that Johnston City Reservoir phosphorus
concentrations would exceed the water quality standard regardless of the level of tributary load reduction,
due to the elevated internal phosphorus loads from lake sediments. This internal phosphorus flux is
expected to decrease in the future in response to external phosphorus load reductions, or in response to
management actions to remove organic sediments from the lake, reverting back to more typical
conditions. This reduction in future sediment phosphorus release was represented in the model by
eliminating the additional internal sediment phosphorus source for future scenarios. The resulting load,
with calibrated tributary concentrations and no additional sediment phosphorus load yields an average
phosphorus load of 0.43 kg/day (0.95 lbs/day) and a concentration of 0.048 mg/L. This meets the
phosphorus target of 0.05 mg/L, so reductions in the tributary loads are not necessary. Therefore, the
loading capacity is equal to the current incoming loads of 0.43 kg/day (0.95 Ibs/day).

5.8.2 Allocation

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation:

TMDL = WLA + LA + MOS

There are no point sources in the watershed, and therefore there is no wasteload allocation given for
Johnston City Reservoir. The entire loading capacity is given to the load allocation for nonpoint sources
and the margin of safety. The loading capacity is not divided into individual source categories for
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the
contributions of specific sources to the overall phosphorus load. Given a loading capacity of 0.2 kg/day
(0.44 1bs/day), and an explicit margin of safety of 10% (discussed below ), the load allocation for Johnston
City Reservoir of 0.18 kg/day (0.40 1bs/day).

5.8.3 Critical Conditions

TMDLSs must take into account critical environmental conditions to ensure that the water quality is
protected during times when it is most vulnerable. Critical conditions were taken into account in the
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet
weather events can transport significant quantities of nonpoint source loads to lake. However, the water
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is
based upon an annual period that takes into account both spring loads and summer water quality in order
to effectively consider these critical conditions.

5.8.4 Seasonality

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual
loading analysis that was used is appropriate due to the facts that:

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant
reduction was achieved in sediment phosphorus release.

2. There is a long response time between phosphorus loading and sediment response, typically on
the order of several years (e.g. Chapra and Canale, 1991).
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5.8.5 Margin of Safety

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an
appropriate value based upon the generally good agreement between the BATHTUB water quality model
predicted values and the observed values. Since the model reasonably reflects the conditions in the
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL,
based upon the data available. This margin of safety can be reviewed in the future as new data are
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.02 kg/day
(0.04 lbs/day) for Johnston City Lake.

5.8.6 Reserve Capacity

This watershed is located in Williamson County, the population of which has increased by 8.3% between
2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin
County population at 66,357.

The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional
Planning and Development Commission, referencing US Census Bureau projections, states that the
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady
(or slightly declining) through 2030 (GERPDC 2010).

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this
time IEPA is not aware of any increases in discharges from the existing point sources, or the
establishment of future municipal or industrial point sources.

5.8.7 TMDL Summary
The total phosphorus TMDL for Johnston City Lake, segment IL_RNZE, is presented in Table 5-18.

Table 5-18. Johnston City Lake I RNZE TMDL Summary

Allocation Total Phosphorus Load

kg/day (lbs/day)

Load Capacity (LC) 0.48 (1.06)

Wasteload Allocation (WLA) | Not applicable. There are
no permitted dischargers
in this watershed

Load Allocation (LA) 0.43 (0.95)

Margin of safety (10% of LC) | 0.05 (0.11)
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5.9 Arrowhead (Williamson) (IL_RNZX) Total Phosphorus TMDL

5.9.1 Calculation of the Loading Capacity

The loading capacity for the Arrowhead (Williamson) Reservoir was determined by running the
BATHTUB model repeatedly, reducing the tributary nutrient concentrations for each simulation until
model results demonstrated attainment of the water quality objective. The maximum tributary
concentration that results in compliance with water quality standards was used as the basis for
determining the loading capacity. The tributary concentration was then converted into a loading rate
through multiplication with the tributary flow.

Initial BATHTUB load reduction simulations indicated that Arrowhead (Williamson) Reservoir
phosphorus concentrations would exceed the water quality standard regardless of the level of tributary
load reduction, due to the elevated internal phosphorus loads from lake sediments. This internal
phosphorus flux is expected to decrease in the future in response to external phosphorus load reductions
and/or potential management actions (e.g. dredging organic sediments, alum treatment), reverting back
to more typical conditions. This reduction in future sediment phosphorus release was represented in the
model by eliminating the additional internal sediment phosphorus source for future scenarios. The
resulting load, with calibrated tributary concentrations and no additional sediment phosphorus load
yields an average phosphorus load of 0.11 kg/day (0.24 lbs/day) and a lake-wide average concentration of
0.049 mg/L. The predicted lake concentrations in the upstream model segments (Segment 2 and Segment
3) are 0.05 and 0.06 mg/1 respectively. Therefore reductions in the tributary loads are necessary to meets
the phosphorus target of 0.05 mg/L across the entire waterbody. The loading capacity was an average of
0.085 kg/day (0.19 Ibs/day). This allowable load corresponds to an approximately 30% reduction from
existing tributary loads.

5.9.2 Allocation

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation:

TMDL = WLA + LA + MOS

There are no point sources in the watershed, and therefore there is no wasteload allocation given for
Arrowhead (Williamson) Reservoir. The entire loading capacity is given to the load allocation for
nonpoint sources and the margin of safety. The loading capacity is not divided into individual source
categories for purposes of this TMDL, as it is the intent of the implementation plan to provide detail on
the contributions of specific sources to the overall phosphorus load. Given a loading capacity of 0.085
kg/day (0.19 Ibs/day), and an explicit margin of safety of 10% (discussed below ), the load allocation for
Arrowhead (Williamson) Reservoir of 0.076 kg/day (0.17 Ibs/day).

5.9.3 Critical Conditions

TMDLs must take into account critical environmental conditions to ensure that the water quality is
protected during times when it is most vulnerable. Critical conditions were taken into account in the
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet
weather events can transport significant quantities of nonpoint source loads to lake. However, the water
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is
based upon an annual period that takes into account both spring loads and summer water quality in order
to effectively consider these critical conditions.
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5.9.4 Seasonality

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual
loading analysis that was used is appropriate due to the facts that:

3. The analysis demonstrated that the TMDL could only attain water quality targets if a significant
reduction was achieved in sediment phosphorus release.

4. There is a long response time between phosphorus loading and sediment response, typically on
the order of several years (e.g. Chapra and Canale, 1991).

5.9.5 Margin of Safety

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an
appropriate value based upon the generally good agreement between the BATHTUB water quality model
predicted values and the observed values. Since the model reasonably reflects the conditions in the
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL,
based upon the data available. This margin of safety can be reviewed in the future as new data are
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.008 kg/day
(0.02 1bs/day) for Arrowhead (Williamson) Reservoir.

5.9.6 Reserve Capacity

The Arrowhead (Williamson) Reservoir watershed is located in Williamson County, the population of
which has increased by 8.3% between 2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S.
Census Bureau estimated the Franklin County population at 66,357.

The Illinois Department of Public Health population projections (Shahidullah 2015) for Williamson
County shows a slight population increase to 69,246 in the year 2025. Further, the Greater Egypt Regional
Planning and Development Commission, referencing US Census Bureau projections, states that the
population in the Greater Egypt 5-county area which includes Williamson County will be relatively steady
(or slightly declining) through 2030 (GERPDC 2010).

A reserve capacity is not needed, due to the slight projected increase in population, and because, at this
time IEPA is not aware of any increases in discharges from the existing point sources, or the
establishment of future municipal or industrial point sources.

5.9.7 TMDL Summary

The total phosphorus TMDL for Arrowhead (Williamson) Reservoir, segment IL_RNZX, is presented in
Table 5-19.

Table 5-19. Arrowhead (Williamson) IL._ RNZX TMDL Summary
Allocation ‘ Total Phosphorus Load kg/day (lbs/day)

Load Capacity (LC) 0.085 (0.19)

Wasteload Allocation (WLA) | Not applicable. There are no permitted
dischargers in this watershed

Load Allocation (LA) 0.076 (0.17)

Margin of safety (10% of LC) | 0.008 (0.02)
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5.10 West Frankfort Old (IL_RNP) Total Phosphorus TMDL

Calculation of the Loading Capacity

The loading capacity for West Frankfort Old Reservoir was determined by running the BATHTUB model
repeatedly, reducing the tributary nutrient concentrations for each simulation until model results
demonstrated attainment of the water quality objective. The maximum tributary concentration that
results in compliance with water quality standards was used as the basis for determining the loading
capacity. The tributary concentration was then converted into a loading rate through multiplication with
the tributary flow.

Initial BATHTUB load reduction simulations indicated that West Frankfort Old Reservoir phosphorus
concentrations would exceed the water quality standard regardless of the level of tributary load reduction,
due to the elevated internal phosphorus loads from lake sediments. This internal phosphorus flux is
expected to decrease in the future in response to external phosphorus load reductions, reverting back to
more typical conditions. This reduction in future sediment phosphorus release was represented in the
model by eliminating the additional internal sediment phosphorus source for future scenarios. The
resulting load, with calibrated tributary concentrations and no additional sediment phosphorus load
yields an average phosphorus load of 1.99 kg/day (4.37 Ibs/day) and a concentration of 0.11 mg/L. This
exceeds the phosphorus target of 0.05 mg/L, so reductions in the tributary loads are necessary. The
loading capacity was an average of 0.50 kg/day (1.09 lbs/day). This allowable load corresponds to an
approximately 75% reduction from existing tributary loads.

5.10.1 Allocation

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation:

TMDL = WLA + LA + MOS

There are no point sources in the watershed, and therefore there is no wasteload allocation given for West
Frankfort Old Reservoir. The entire loading capacity is given to the load allocation for nonpoint sources
and the margin of safety. The loading capacity is not divided into individual source categories for
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the
contributions of specific sources to the overall phosphorus load. Given a loading capacity of 0.50 kg/day
(1.09 Ibs/day), and an explicit margin of safety of 10% (discussed below), the load allocation for West
Frankfort Old Reservoir of 0.45 kg/day (0.98 1bs/day).

5.10.2 Critical Conditions

TMDLSs must take into account critical environmental conditions to ensure that the water quality is
protected during times when it is most vulnerable. Critical conditions were taken into account in the
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet
weather events can transport significant quantities of nonpoint source loads to lake. However, the water
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is
based upon an annual period that takes into account both spring loads and summer water quality in order
to effectively consider these critical conditions.

Page | 65



Upper Big Muddy River Watershed
Final TMDL Report May 2019

5.10.3 Seasonality

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual
loading analysis that was used is appropriate due to the facts that:

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant
reduction was achieved in sediment phosphorus release.

2. There is a long response time between phosphorus loading and sediment response, typically on
the order of several years (e.g. Chapra and Canale, 1991).

5.10.4 Margin of Safety

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an
appropriate value based upon the generally good agreement between the BATHTUB water quality model
predicted values and the observed values. Since the model reasonably reflects the conditions in the
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL,
based upon the data available. This margin of safety can be reviewed in the future as new data are
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.05 kg/day
(0.111bs/day) for West Frankfort Old Reservoir.

5.10.5 Reserve Capacity

The West Frankfort Old Reservoir watershed is located in Franklin County, the population of which has
increased by 1.4% between 2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau
estimated the Franklin County population at 39,570.

The Illinois Department of Public Health population projections (Shahidullah 2015) for Franklin County
shows a slight population decline to 37,958 in the year 2025. Further, the Greater Egypt Regional
Planning and Development Commission, referencing US Census Bureau projections, states that the
population in the Greater Egypt 5-county area which includes Franklin County will be relatively steady (or
slightly declining) through 2030 (GERPDC 2010).

A reserve capacity is not needed, due to the slight projected decrease in population, and because, at this
time IEPA is not aware of any increases in discharges from the existing point sources, or the
establishment of future municipal or industrial point sources.

5.10.6 TMDL Summary

The total phosphorus TMDL for West Frankfort Old Reservoir, segment IL._RNP, is presented in Table
5-20.

Table 5-20. West Frankfort Old IL_ RNP TMDL Summary
Allocation ‘ Total Phosphorus Load kg/day (lbs/day)

Load Capacity (LC) 0.50 (1.09)

Wasteload Allocation (WLA) | Not applicable. There are no permitted
dischargers in this watershed

Load Allocation (LA) 0.45 (0.98)

Margin of safety (10% of LC) | 0.05 (0.11)
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5.11 West Frankfort New (IL_RNQ) Total Phosphorus TMDL

5.11.1 Calculation of the Loading Capacity

The loading capacity for West Frankfort New Reservoir was determined by running the BATHTUB model
repeatedly, reducing the tributary nutrient concentrations for each simulation until model results
demonstrated attainment of the water quality objective. The maximum tributary concentration that
results in compliance with water quality standards was used as the basis for determining the loading
capacity. The tributary concentration was then converted into a loading rate through multiplication with
the tributary flow.

Initial BATHTUB load reduction simulations indicated that West Frankfort New Reservoir phosphorus
concentrations would exceed the water quality standard regardless of the level of tributary load reduction,
due to the elevated internal phosphorus loads from lake sediments. This internal phosphorus flux is
expected to decrease in the future in response to external phosphorus load reductions or lake
management actions, reverting back to more typical conditions. This reduction in future sediment
phosphorus release was represented in the model by eliminating the additional internal sediment
phosphorus source for future scenarios. The resulting load, with calibrated tributary and Thompsonville
STP concentrations and no additional sediment phosphorus load yields an average phosphorus load of
3.63 kg/day (7.99 Ibs/day) and a concentration of 0.104 mg/L. This exceeds the phosphorus target of 0.05
mg/L, so reductions in the tributary loads are necessary. The loading capacity calculated was an average
of 0.91 kg/day (2.0 Ibs/day). This allowable load corresponds to an approximately 75% reduction from
existing loads, estimated as 3.68 kg/day (8.11 Ibs/day).

5.11.2 Allocation

A TMDL consists of a waste load allocation (WLA) for point sources, a load allocation (LA) for nonpoint
sources and a margin of safety (MOS). This definition is typically illustrated by the following equation:

TMDL = WLA + LA + MOS

There is a single point sources in the watershed from the Thompsonville STP (ILoo72478). The current
treatment at this facility consists of two cell aerated lagoon and a rock filter. These treatment processes
are not capable of removing significant amount of total phosphorus from the effluent. The design average
flow (DAF) for the facility is 0.08 million gallons per day (MGD) and the design maximum flow (DMF) for
the facility is 0.20 MGD.

The average daily flows from this STP reported in the DMRs from 2008 through 2016 0.087 MGD. There
is no water quality data for total phosphorus from this point source to use for model calibration. In
estimating the existing phosphorus load from this facility, a total phosphorus concentration in the STP
effluent was assumed to be 2.425 mg/L, as has been used in other TMDLs for similar facilities in Illinois.
The resulting average load from the Thompsonville STP is 0.73 kg/day (1.60 1b/day). The WLA for this
facility was developed based on the DAF, and a target effluent concentration of 2.425 mg/L. This results
in an average WLA of 0.73 kg/day (1.60 Ib/day).

The remaining loading capacity is given to the load allocation for nonpoint sources and the margin of
safety. The load allocation for nonpoint sources is not divided into individual source categories for
purposes of this TMDL, as it is the intent of the implementation plan to provide detail on the
contributions of specific sources to the overall phosphorus load. Given a total loading capacity of 0.91
kg/day (2.01 lbs/day), a WLA for the Thompsonville STP of 0.73 kg/day (1.60 Ib/day), and an explicit
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margin of safety of 10% (discussed below ), the load allocation for West Frankfort New Reservoir is 0.09
kg/day (0.19 1bs/day). This represents a reduction of approximately 97% of the watershed nonpoint
sources from the existing loads.

5.11.3 Critical Conditions

TMDLSs must take into account critical environmental conditions to ensure that the water quality is
protected during times when it is most vulnerable. Critical conditions were taken into account in the
development of this TMDL. In terms of loading, spring runoff periods are considered critical because wet
weather events can transport significant quantities of nonpoint source loads to lake. However, the water
quality ramifications of these nutrient loads are most severe during middle or late summer. This TMDL is
based upon an annual period that takes into account both spring loads and summer water quality in order
to effectively consider these critical conditions.

5.11.4 Seasonality

This TMDL was conducted with an explicit consideration of seasonal variation. The BATHTUB model
used for this TMDL is designed to evaluate loads over a seasonal to annual averaging period. The annual
loading analysis that was used is appropriate due to the facts that:

1. The analysis demonstrated that the TMDL could only attain water quality targets if a significant
reduction was achieved in sediment phosphorus release.

2. There is a long response time between phosphorus loading and sediment response, typically on
the order of several years (e.g. Chapra and Canale, 1991).

5.11.5 Margin of Safety

The TMDL contains an explicit margin of safety of 10%. The 10% margin of safety is considered an
appropriate value based upon the generally good agreement between the BATHTUB water quality model
predicted values and the observed values. Since the model reasonably reflects the conditions in the
watershed, a 10% margin of safety is considered to be adequate to address the uncertainty in the TMDL,
based upon the data available. This margin of safety can be reviewed in the future as new data are
developed. The resulting explicit total phosphorus load allocated to the margin of safety is 0.09 kg/day
(0.2 Ibs/day) for West Frankfort New Reservoir.

5.11.6 Reserve Capacity

This watershed is located in Franklin County, the population of which has increased by 1.4% between
2000 and 2010 (Stage 1 Report Section 2.6). In 2010, the U.S. Census Bureau estimated the Franklin
County population at 39,570.

The Ilinois Department of Public Health population projections (Shahidullah 2015) for Franklin County
shows a slight population decline to 37,958 in the year 2025. Further, the Greater Egypt Regional
Planning and Development Commission, referencing US Census Bureau projections, states that the
population in the Greater Egypt 5-county area which includes Franklin County will be relatively steady (or
slightly declining) through 2030 (GERPDC 2010).

A reserve capacity is not needed, due to the slight projected decrease in population, and because, at this
time IEPA is not aware of any increases in discharges from the existing point sources, or the
establishment of future municipal or industrial point sources.
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5.11.7 TMDL Summary

The total phosphorus TMDL for West Frankfort New Reservoir, segment IL_RNQ, is presented in Table
5-21.

Table 5-21. West Frankfort New Reservoir IL_RNQ TMDL Summary

Allocation Total Phosphorus Load

kg/day (lbs/day)

Load Capacity (LC) 0.91 (2.0)

Wasteload Allocation (WLA) | 0.73 (1.6)

Load Allocation (LA) 0.09 (0.2)

Margin of safety (10% of LC) | 0.09 (0.2)
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6

LRS Development

This section presents the development of the total suspended solids Load Reduction Strategy for 5
streams in the Upper Big Muddy River watershed. IEPA requires a LRS to identify the load capacity, and
the percentage reduction needed.

6.1 TSS Load Reduction Strategy - Streams

The load capacity was calculated by multiplying the total suspended solids concentration of 32.2 mg/L by
the average annual 2015 Upper Big Muddy River flows estimated using a drainage area ratio approach
and USGS measured flows for Upper Big Muddy River at Browns, IL (Gage 03378000). The percent
reduction was calculated by comparing the average TSS concentrations for the monitoring stations located
on the segment calculated from the full record of measured total suspended solids concentrations
(Attachment 1 and Attachment 2) to the LRS target concentration.

Table 6-1 presents the TSS LRSs for all of the waterbodies in the Upper Big Muddy River watershed.
Table 6-1. Total Suspended Solids LRS

Average Current Load

Stream Monitoring Target . . Percent
(Segment ID) Station(s) (mg/L) Concentration e capacity Reduction
(mg/L) (Ibs/day) (Ibs/day)
Big Muddy R. 9
(IL_N-06) N-06 32.2 43.7 16,148 11,910 26.2%
Big Muddy R. 9
(IL_N-11) N-11 32.2 53.0 31,932 19,395 39.3%
Big Muddy R.
N-17 2.2 110. 27,1 7,911 70.89
(IL_N-17) 3 0.3 ,108 ,9 0.8%
Pond Cr.
NG-02 2.2 . 44 14,721 2.79
(IL_NG-02) G-0 3 86.3 39,449 . 62.7%
M. Fk. Big Muddy | NH-07, NH-08, o
(IL_NH-07) NH-21 32.2 72.3 53,894 23,992 55.5%
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7

Reasonable Assurances

Documenting adequate reasonable assurance increases the probability that regulatory and voluntary
mechanisms will achieve pollution reduction levels specified in the TMDL and that the applicable WQS
are attained.

The Illinois EPA NPDES regulatory program and the issuance of an NPDES permit provide the reasonable
assurance that the WLAs in the TMDL will be achieved. That is because federal regulations implementing
the CWA require that effluent limits in permits be consistent with “the assumptions and requirements of
any available [WLA]” in an approved TMDL [40 CFR 122.44(d)(1)(vii)(B)]. For point sources, Illinois EPA
administers the NPDES permitting program for wastewater treatment plants, MS4s and CAFOs.
Wasteload allocations in the TMDL report will be included in the appropriate NPDES permits when
permits are renewed.

For TMDLs for waters impaired by both point and nonpoint sources, determinations of reasonable
assurance that the TMDLs load allocations will be achieved include whether practices capable of reducing
the specified pollutant load exist, are technically feasible, and have a high likelihood of implementation.
The nonpoint source load reductions can and will be achieved when there are good management practices
and programs (technical and funding mechanisms) to assist in achieving good management practices.
The Watershed Implementation Plan for the TMDLs contained in this report identifies practices that are
capable of reducing the pollutant loads to the TMDL endpoints, and potential funding mechanisms for
implementation.

For nonpoint sources, the primary strategy for reduction for attaining water quality standards in the
Upper Big Muddy River watershed is to implement BMPs to reduce and treat agricultural and urban
stormwater runoff, along with the use of in-stream restoration practices. This strategy relies on voluntary
actions that includes accountability. Educational efforts and cost sharing programs are intended to
achieve participation levels sufficient to attain water quality standards and meet the designated uses. An
important key to the success of a TMDL program, in terms of engaging the public, is building linkages to
other programs, such as nonpoint source management practices.

In rural areas many homes, businesses, and schools do not have access to central sewage disposal
systems. County and local health departments operate sewage and water programs to assure that sewage
and water systems are designed according to code so that neither the public health nor the environment is
jeopardized. The counties and local health departments issue licenses and provide training to contractors,
inspect and license pumper trucks, review sewage system applications, issue construction permits, assist
in the design of sewage disposal systems, inspect new sewage disposal systems, investigate complaints,
and carry out enforcement activities based upon county ordinances. These activities help to eliminate the
discharge of raw sewage and reduce the bacterial contamination within the Upper Big Muddy River
watershed.
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8

Public Participation and Involvement

The draft Stage 3 public meeting was held on November 15, 2018, at 3:30 pm, at the West Frankfort
Police/Fire Department on E. Nolen St. The public meeting was originally scheduled to be held at the
Public Library in West Frankfort, Illinois, however, on this day the Library was closed early due to
inclement weather, and the public meeting was re-located to the nearby Police/Fire Department.
Approximately 10 people participated in the public meeting and the public comment period ended at
midnight on December 15, 2018.

Mlinois EPA provided public notice for all meetings by placing a display-ad in West Frankfort — Daily
American (the local newspaper). In addition, a direct mailing was sent to several stakeholders/Permittees
in the watershed. The notice gave the date, time, location, and purpose of the meeting. The notice also
provided references on how to obtain additional information about this specific site, the TMDL program,
and other related information. The draft TMDL report was available for review in hard copy at the West
Frankfort Public Library, Herrin City Hall, Christopher City Hall, Ewing Village Hall, and electronically on
the Agency’s webpage: www2.illinois.gov/epa/public-notices/Pages/general-notices.aspx.
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Executive Summary

This Stage 1 report was developed for the impaired waterbody segments located within the Upper Big
Muddy Creek watershed. It provides a characterization of watershed conditions, an analysis of water
quality, an analysis of available data to confirm the sufficiency of the data to support both the listing

decision and the sources of impairment that are included on the 2012 303(d) list, a review and

recommendation of approaches for developing TMDLs and LRSs. This report also provides a plan for

collecting additional field data, and summarizes public participation in this Stage 1 process.

Confirmation of Impairments

The Upper Big Muddy watershed was indicated in the 2012 303(d) list as having 16 waterbodies with
impaired use support. For impaired waterbodies caused by pollutants that have numeric water quality
standards, TMDLs are to be developed; other causes of impairment are to be addressed in LRSs. At the
time the 303(d) list was prepared, this would suggest 23 TMDLs and 13 LRSs. Since development of the
2012 (and prior biennial 303(d) lists), some numeric water quality standards have been revised that affect

whether or not a TMDL is prepared.

This review of available water quality data and current state water quality standards recommends that
seventeen (17) TMDLs be developed for the 13 waterbodies with pollutants having numeric standards and
11 LRSs are recommended for development for 11 waterbodies. Further, we recommend that five TMDLSs

not be prepared for impairments in the Upper Big Muddy watershed:

e Manganese impairments of 2 segments of M. Fk. Big Muddy River (IL_NH-06 and IL_NH-07)
and one segment of Andy Creek (IL_NZN-13)

e Animpairment caused by lindane contamination of sediment in Hurricane Creek (IL_NF-01)

e Sulfate impairment in Prairie Creek (IL_NZM-01)

Below we summarize our conclusions:

Big Muddy R. / IL_N-06 Sedimentation/Siltation Prepare LRS
Sulfates Prepare TMDL
Big Muddy R. /IL_N-11 Fecal Coliform Prepare TMDL
Sedimentation/Siltation, TSS Prepare LRS
. Dissolved Oxygen Prepare TMDL
Big Muddy R. /1L_N-17 Sedimentation/Siltation, TSS Prepare LRS
. Lindane Delist
Hurricane Creek /IL_NF-01 Sedimentation/Siltation Prepare LRS
Prairie Cr. / IL_NZM-01 Sulfates Delist
Iron Prepare TMDL
Andy Cr. /IL_NZN-13 Manganese Delist
Dissolved Oxygen Prepare TMDL
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. Phosphorus (Total) Prepare TMDL
Herrin Old /IL_RNZD Total Suspended Solids (TSS) Prepare LRS
Chloride Prepare TMDL
Pond Cr. / IL_NG-02 Dissolved Oxygen Prepare TMDL
Sedimentation/Siltation Prepare LRS
Dissolved Oxygen Prepare TMDL
Lake Cr. /IL_NGA-02
ake Cr. /1L_NGA-0 Phosphorus (Total) Prepare LRS
Beaver Cr./ IL_NGAZ-JC-D1 Manganese Prepare TMDL
. Phosphorus (Total) Prepare TMDL
Johnston City /IL_RNZE Total Suspended Solids (TSS) Prepare LRS
Arrowhead (Williamson) / IL_RNZX | Phosphorus (Total) Prepare TMDL
Fecal Coliform Prepare TMDL
M. Fk. Big Muddy / IL_NH-06 Dissolved Oxygen Prepare TMDL
Manganese Delist
Dissolved Oxygen Prepare TMDL
M. Fk. Big Muddy / IL_NH-07 Manganese Delist
Sedimentation/Siltation Prepare LRS
Phosphorus (Total) Prepare TMDL
West Frankfort Old /1L_RNP Total Suspended Solids (TSS) Prepare LRS
Phosphorus (Total) Prepare TMDL
West Frankfort New/ IL_RNQ Total Suspended Solids (TSS) Prepare LRS

Recommendations for TMIDL Development

We are recommending simple approaches to all 17 TMDLs and 11 LRSs. All dissolved oxygen TMDLs will
be developed using the QUAL2E/QUALZ2K model, developed and supported by the US EPA. This
approach has been used successfully for other TMDLs in lllinois. Fecal coliform bacteria, manganese,
sulfate, iron, and chloride TMDLs will be developed using the load duration approach. Load duration
analyses have also been used for development of other TMDLs in Illinois. Total phosphorus TMDLs for
impaired lakes will be developed using a lake response model in a spreadsheet, similar to the
EUTROMOD model used in many TMDLs. The load reduction strategies will be prepared using USLE-
based methods, or, alternatively, a combination of the Simple Method and unit areal loading rates.

Recommendations for Field Data Collection

Additional data are required to support development of the TMDLs in the Upper Big Muddy watershed.
Physical and chemical data are required for model development, calibration and verification.

Data on biochemical oxygen demand (BOD), sediment oxygen demand (SOD), water temperature,
dissolved oxygen, manganese, iron, chloride, nitrogen, phosphorus, and fecal coliform bacteria are

recommended to be collected.

Additional hydraulic and geomorphologic data collection is necessary to build and calibrate the QUAL2K
models.
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1
Introduction

Illinois EPA has developed a three-stage approach to TMDL development. This Stage 1 report describes
initial activities related to the development of TMDLs for the Upper Big Muddy watershed, including:
watershed characterization, data analysis to confirm the causes and sources of impairment, and
methodology selection. Subsequent stages will include Stage 2 data collection (as needed) and Stage 3
model calibration, TMDL development and implementation plan development.

This section provides background information on the TMDL process, and Illinois assessment and listing
procedures. The specific impairments in the Upper Big Muddy watershed are also described.

1.1 TMDL Process

Section 303(d) of the 1972 Clean Water Act requires States to define impaired waters and identify them on
a list, which is called the 303(d) list. The State of Illinois recently issued the 2012 303(d) list (IEPA 2012),
which is available on the web at: . Section 303(d)
of the Clean Water Act and EPA's Water Quality Planning and Management Regulations (40 CFR Part
130) require states to develop Total Maximum Daily Loads (TMDLSs) for water bodies that are not meeting
designated uses under technology-based controls. The TMDL process establishes the allowable loading of
pollutants or other quantifiable parameters for a water body based on the relationship between pollution
sources and instream conditions. This allowable loading represents the maximum quantity of the
pollutant that the waterbody can receive without exceeding water quality standards. The TMDL also takes
into account a margin of safety, which reflects scientific uncertainty, as well as the effects of seasonal
variation. By following the TMDL process, States can establish water quality-based controls to reduce
pollution from both point and nonpoint sources, and restore and maintain the quality of their water
resources (USEPA, 1991).

As part of the TMDL process, the Illinois Environmental Protection Agency (IEPA) and a consultant team
have compiled and reviewed data and information to determine the sufficiency of available data to
support TMDL development. As part of this review, the data were used to confirm the impairments
identified on the 303(d) list and to further identify potential sources causing these impairments.
Additionally, this report recommends TMDL and LRS approaches, including an assessment of whether
additional data are needed to develop a defensible TMDL.

In a subsequent stage of work the TMDLs and LRSs will be developed and IEPA will work with
stakeholders to implement the necessary controls to improve water quality in the impaired waterbodies
and meet water quality standards. It should be noted that the controls for nonpoint sources (e.g.,
agriculture) will be strictly voluntary.

1.2 lllinois Assessment and Listing Procedures

Surface water assessments in the 2012 Integrated Report are based primarily on biological, water,
physical habitat, and fish-tissue information collected through 2010 from various monitoring programs
(Illinois EPA 2007). These programs include: the Ambient Water Quality Monitoring Network, Intensive
Basin Surveys, Facility-Related Stream Surveys, the Fish Contaminant Monitoring Program, the Ambient
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Lake Monitoring Program, the lllinois Clean Lakes Monitoring Program, the Volunteer Lake Monitoring
Program, the Lake Michigan Monitoring Program, TMDL monitoring and other outside sources (I1EPA,
2012).

Illinois EPA conducts its assessment of water bodies using seven designated use categories: public and
food processing water supplies, aquatic life, fish consumption, primary contact, secondary contact,
indigenous aquatic life, and aesthetic quality (IEPA, 2012). For each water body, and for each designated
use applicable to the water body, Illinois EPA’s assessment concludes one of two possible “use-support”
levels:

e Fully supporting (the water body attains the designated use); or
e Not supporting (the water body does not attain the designated use).

When sufficient data are available, each applicable designated use in each segment is assessed as Fully
Supporting (good), Not Supporting (fair), or Not Supporting (poor). Waters in which at least one
applicable use is not fully supported are called “impaired.” Waters identified as impaired based on
biological, physicochemical, physical habitat, and toxicity data are placed on the 303(d) list. Potential
causes and sources of impairment are also identified for impaired waters.

1.3 Identified Waterbody Impairments

The impaired waterbody segments included in the project watershed are listed in Table 1, along with the
parameters they are listed for, and the use impairments as identified in the 2012 303(d) list (IEPA, 2012).
TMDLs are currently only being developed for pollutants that have numerical water quality criteria. Load
Reduction Strategies (LRSs) are being developed for those pollutants that do not have numerical water
quality criteria. The pollutants that are the focus of this study are indicated in Table 1 in boldface type.
Table 1 provides information on the impaired waterbodies, including size, causes of impairment, and use
support. Those impairments that are the focus of this report are shown in bold font.

The remaining sections of this report include:
e Watershed characterization: description of watershed features

e Public participation: description of active groups in the watershed, and public meetings related to
this project

e Water quality standards and summary of impairment: discussion of relevant water quality
standards, database development and summary of data for impaired segments

e Confirmation of causes and sources of impairment: assessment of sufficiency of data to support
the listing and identification of potential sources contributing to the impairment

e Methodology: identification and selection of watershed and water quality models
e Data collection to support modeling: a general description of data needed to support modeling

e References
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Table 1. Impaired Waterbodies in the Project Watershed

Aquatic Life (N)

January 31, 2014

Natural Sources, Crop Production (crop
land or dry land), Dam or Impoundment,

Primary contact recreation (F)

Sedimentation/Siltation

Big Muddy R. /IL_N-06 Primary contact recreation (F) 1513 mi Sedimentation/Siltation Agriculture, Atmospheric Deposition -
Toxics, Source Unknown
e : Non-irrigated Crop Production, Source
. ) Aquatic Life (N) . Sulfates, Fecal Coliform, ) »
Big Muddy R. /1L_N-11 Primary contact recreation (N) 1148 mi Sedimentation/Siltation, TSS gg)lfirgzwn, Atmospheric Deposition -
Municipal Point Source Discharges,
Dissolved Oxvaen Non-irrigated crop production, Natural
Big Muddy R. / IL_N-17 Aquatic Life (N) 21.48 mi . oxygen, Sources, Crop Production (crop land or
Sedimentation/Siltation, TSS . L
dry land), Atmospheric Deposition -
Toxics, Source Unknown
. ) - , Lindane, Crop Production (crop land or dry land),
Hurricane Cr. / IL_NF-01 Aquatic Life (N) 10.6 mi Sedimentation/Siltation Agriculture
Prairie Cr. / IL_NZM-01 Aquatic Life (N) 9.06 mi Sulfates Surface mining
Iron. Manaanese Channelization, Loss of Riparian
Andy Cr./IL_NZN-13 Aquatic Life (N) 11.7 mi S g ' Habitat, Crop Production (crop land or
Dissolved Oxygen .
dry land), Agriculture, Source Unknown
Atmospheric Deposition - Toxics,
Phosphorus (Total), Total Source Unknown, Contaminated
HERRIN OLD / IL_RNZD Aesthetic Quality (N) 51.3ac P : ’ Sediments, Urban Runoff/Storm
Suspended Solids (TSS) . .
Sewers, Other Recreational Pollution
Sources
Channelization, Impacts from
Abandoned Mines (Inactive), Loss of
. Chloride, Dissolved Riparian Habitat, Streambank
Pond Cr. /IL_NG-02 Aquatic Life (N) 23.53 mi Oxygen, Modifications/ destabilization, Crop

production (crop land or dry land),
Agriculture, Urban Runoff/Storm
Sewers, Source Unknown
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Lake Cr. / IL_NGA-02

Aquatic Life (N)

12.33 mi

Dissolved Oxygen,

Source Unknown, Municipal Point
Source Discharges, Crop Production

Suspended Solids (TSS)

Phosphorus (Total) (crop land or dry land), Agriculture,
Urban Runoff/Storm Sewers
Loss of Riparian Habitat, Municipal
Point Source Discharges, Crop
;s . . Production (crop land or dry land),
Beaver Cr./IL_NGAZ-JC-D1 Aquatic Life (N) 1.7 mi Manganese Agriculture, Urban Runoff/Storm
Sewers, Runoff from
Forest/Grassland/Parkland
Littoral/shore Area Modifications (Non-
Johnston City / IL_RNZE Aesthetic Quality (N) 64 ac Phosphorus (Total), Total riverine), Runoff from
Suspended Solids (TSS)
Forest/Grassland/Parkland
Arrowhead (Williamson) / IL_RNZX Aesthetic Quality (N) 30 ac Phosphorus (Total) Runoff from Forest/Grassland/Parkland
Petroleum/Natural Gas Activities,
- . Surface Mining, Animal Feeding
M. FK. Big Muddy / IL_NH-06 AquaticLife(N) 1252 mi Manganese, Dissolved Operations, Municipal Point Source
Primary contact recreation (N) Oxygen, Fecal Coliform . o
Discharges, Channelization, Source
Unknown
. Petroleum/Natural Gas Activities,
Manganese, Dissolved Surface Mining, Animal Feedin
M. Fk. Big Muddy / IL_NH-07 Aquatic Life (N) 19.74 mi Oxygen, > MIning, g
; Ce Operations, Natural Sources, Crop
Sedimentation/Siltation .
Production (crop land or dry land)
Littoral/shore Area Modifications (Non-
West Frankfort Old /IL_RNP Aesthetic Quality (N) 146 ac Phosphorus (Total), Total riverine), Crop Production (crop land or

dry land), Runoff from
Forest/Grassland/Parkland
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Littoral/shore Area Modifications (Non-
riverine), On-site Treatment Systems
(Septic Systems and Similar
Phosphorus (Total), Total Decentralized Systems), Site Clearance
Suspended Solids (TSS) (land development of redevelopment),
Crop Production (crop land or dry land),
Urban Runoff/Storm Sewers, Runoff
from Forest/Grassland/Parkland

West Frankfort New / IL_RNQ Aesthetic Quality (N) 214 ac

1 Bold font indicates cause will be addressed in this report. Other potential causes of impairment listed for these waterbodies do not have numeric Water
Quality Standards and are not subject to TMDL development at this time.
2F = Fully supporting, N = Not supporting, Other uses were not assessed
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2
Watershed Characterization

2.1 Methods

The project watershed was characterized by compiling and analyzing data and information from various
sources. Where available, data were obtained in electronic or Geographic Information System (GIS)
format to facilitate mapping and analysis. To develop a better understanding of land management
practices in the watershed, local agencies are being contacted to obtain information on crops, pesticide
and fertilizer application practices, tillage practices and best management practices employed.

After the watershed boundaries for the 16 impaired waterbodies in the project watershed were delineated
from topographic and stream network (hydrography) information, other relevant information was
obtained. This included land use and land cover, soils, point source dischargers, state, county and
municipal boundaries, coal mines, dams, oil and gas wells, data collection locations and the location of
303(d) waterbodies.

2.2 Watershed Location

The impaired waterbodies addressed in this report are all in the Upper Big Muddy River watershed, which
is located primarily in Franklin County, in southern lllinois, although there are also portions in Jackson,
Williamson and Hamilton Counties. Figure 1 is a vicinity map. The watershed study area is
approximately 313,435 acres (490 mi?) in size, but this area does not include drainage areas upstream of
Rend Lake Dam. The impaired reach of the main stem of the Upper Big Muddy begins at Rend Lake Dam
and extends approximately 48 miles downstream (assessment units IL_N-06, IL_N-11, and IL_N-17).
Major tributaries include: Middle Fork Big Muddy River (units IL_NH-06 and IL_NH-07) and Pond
Creek (IL_NG-02). Figure 1 shows a map of the target watershed and includes some key features such as
waterways, impaired waterbodies, and subwatersheds.

The sections that follow provide a broad overview of the characteristics of the Upper Big Muddy
watershed.

2.3 Climate and Hydrology

The Upper Big Muddy watershed has a continental climate with cold winters and hot, humid summers.
The National Weather Service (NWS) maintained a weather station in the watershed at Benton, Illinois
that closed in February 2009. Benton is relatively near the center of the targeted watershed and is a
reasonable approximation of climate in the watershed.

Precipitation data from 1912 through station closure were downloaded and summarized (Table 2). The 96
years of historical precipitation data for Station 110608 in Benton average 40.5 inches of precipitation
each year. The highest monthly average is May, when about 4.2 inches can be expected. The lowest
monthly average occurs in February (2.5 inches). The most intense storms, based upon the daily
maximum precipitation, may come during spring, summer or fall; precipitation events are typically milder
during winter.
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Table 2. Long-term Precipitation Statistics for Benton, Illinois

i | WG | St | s e @)

1 31 8 1.2

2 2.5 7 1.0

3 3.8 9 13

4 4.0 9 1.4

5 4.2 9 1.4

6 3.9 8 14

7 3.0 7 1.3

8 34 6 14

9 3.2 6 14

10 3.2 7 13

11 35 7 1.4

12 3.2 8 1.2

Spring 12.0 26 2.0

Summer 10.3 21 2.1

Fall 9.8 20 2.0

Winter 8.8 22 1.8

Annual 40.5 89 31

Source: Downloaded from http://www.isws.illinois.edu/data/climatedb/choose.asp?stn=110608

There is an active USGS streamflow gage in the watershed, located on the Big Muddy River at Plumfield,
Illinois where State Highway 149 crosses the river (gage 05597000). The gage is about 1.9 miles
downstream from the confluence with the Middle Fork Big Muddy River. The drainage area at this gage is
792 square miles and daily discharge measurements are available from 1908 to present.

Hydrology of the river has been significantly altered since the construction and filling of the Rend Lake
Dam in the early 1970s. Maximum recorded discharge before Rend Lake Dam construction is 42,900 ft3/s
on May 10, 1961. There was no flow at times in 1908-9, 1914, 1936, and 1940-41. Maximum recorded
discharge since construction of Rend Lake is 14,200 ft3/s on May 1, 1996. The minimum discharge since
construction of Rend Lake is 6.8 ft3/s on Oct. 13, 1970. Average daily flow over the past 42 years is 735
ft3/s.

Flow durations represent the percentage of time that a specified streamflow is equaled or exceeded during
a given period. Figure 2 is a flow duration curve for USGS gaging station 0559700. Such analyses are a
summary of the past hydrologic events (in this case, daily discharge). And if the streamflow during the
period for which the duration curve is based is a sufficiently long period of record, the statistics can be
used as an indicator of probable future conditions. Figure 2 illustrates the tremendous effect that Rend
Lake has had on the hydrology of the Big Muddy River.

2.4 Topography

The Upper Big Muddy watershed is generally flat, with gentle slopes in the headwaters. The highest
elevations in the watershed (about 610 feet) are found west of Akin in Hamilton County. The lowest
elevation (about 380 feet) in the watershed occurs at the outlet near De Soto in Jackson County.
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Figure 2. Flow Duration Curve, USGS Station 05597000, Big Muddy River at Plumfield, IL, Before
and After Dam Construction

2.5 Soils

Together with topography, the nature of soils in a watershed play an important role in the amount of
runoff generated and soil erosion. The Natural Resources Conservation Service’s Soil Survey Geographic
(SSURGO) database was reviewed to ascertain general information regarding soils in the study area
(available at http://soildatamart.nrcs.usda.gov/). The target watershed has rich silt loam soils, lying
predominately on slopes less than 2%. Based upon slope and other factors, the NRCS places soils into
erodibility classes. The erodibility potential of soils in the study area is summarized for each subwatershed
by area (Table 3) and percentage (Table 4). Areas that are included in the “No value’ class include urban
land, dumps (slurry) and dumps (mine). Land covered by water is excluded from this tally. Figure 2 maps
these classes of erodibility of soils in the Upper Big Muddy watershed.
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Table 3. Soil Erodibility in Target Watersheds, in acres

January 31, 2014

Big Muddy River IL_N-06 22,363 10,491 320 33,174
Big Muddy River IL_N-11 162,718 43,142 1,268 207,128
Big Muddy River IL_N-17 240,240 65,384 2,529 308,153
Hurricane Creek IL_NF-01 13,373 2,568 390 16,331
Prairie Creek IL_NZM-01 8,395 1,481 311 10,188
Andy Creek IL_NZN-13 9,743 3,075 79 12,897
Herrin Old IL_RNZD 947 580 4.7 1,532
Pond Creek IL_NG-02 50,393 11,689 618 62,700
Lake Creek IL_NGA-02 17,052 3,670 383 21,105
Beaver Creek IL_NGAZ-JC-D1 381 - - 381
Johnson City IL_RNZE 1,730 451 78 2,259
Arrowhead IL_RNZX 403 43 0.4 447
M. Fk. Big Muddy R IL_NH-06 85,976 16,053 105 102,133
M. Fk. Big Muddy R IL_NH-07 58,759 9,687 68,446
West Frankfort Old IL_RNP 1,964 317 2,281
West Frankfort New IL_RNQ 3,140 1,570 4,710

Table 4. Soil Erodibility in Target Watersheds, by percentage

Big Muddy River IL_N-06 67% 32% 1%
Big Muddy River IL_N-11 79% 21% 1%
B|g Muddy River IL_N-17 78% 21% 1%
Hurricane Creek IL_NF-01 82% 16% 2%
Prairie Creek IL_NZM-01 82% 15% 3%
Andy Creek IL_NZN-13 76% 24% 1%
Herrin Old IL_RNZD 62% 38% 0%
Pond Creek IL_NG-02 80% 19% 1%
Lake Creek IL_NGA-02 81% 17% 2%
Beaver Creek IL_NGAZ-JC-D1 100% 0% 0%
Johnson City IL_RNZE 77% 20% 3%
Arrowhead IL_RNZX 90% 10% 0%
M. Fk. Big Muddy R IL_NH-06 84% 16% 0%
M. Fk. Big Muddy R IL_NH-07 86% 14% 0%
West Frankfort Old IL_RNP 86% 14% 0%
West Frankfort New IL_RNQ 67% 33% 0%
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Figure 3. Upper Big Muddy Watershed Soil Erodibility
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The Illinois Soil Conservation Transect Survey program provides a general overview of the current status
of soil conservation efforts on agriculture land in the state. Survey results provide data on the presence of
conservation practices in each county (IDOA 2011). The 2011 survey provided information on tillage
systems used in planting corn and soybean crops in the spring and small grain crops in the fall. And, the
surveyors also collect data on ephemeral or gully erosion in surveyed fields. Data are available by county
rather than by watershed (Tables 5 through 8).

Table 5. Percent of Corn Fields in Each Tillage System in Illinois and in Target Watershed Counties

Illinois 46% 25% 19% 11%
Franklin County 87% 3% 2% 8%
Hamilton County 57% 5% 3% 34%
Jackson County No data

Williamson County 54% 0% 0% 46%

Table 6. Percent of Soybean Fields in Each Tillage System in Illinois and in Target Watershed

Counties

Illinois 14% 20% 25% 41%
Franklin County 37% 16% 8% 38%
Hamilton County 27% 11% 10% 52%
Jackson County No data

Williamson County 39% 1% 8% 53%

Table 7. Percent of Small Grain Fields in Each Tillage System in Illinois and in Target Watershed

Counties

Illinois 24% 19% 17% 39%
Franklin County 0% 0% 0% 100%
Hamilton County 33% 14% 12% 41%
Jackson County No data

Williamson County 0% 0% 0% 0%
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Table 8. Percent of Fields Indicating Ephemeral Erosion in lllinois and in Target Watershed

Counties

Illinois 20% 80%
Franklin County 3% 97%
Hamilton County 6% 94%
Jackson County No data

Williamson County 26% 74%

2.6 Urbanization and Growth

Urbanization in the watershed is centered in the towns of Benton, West Frankfort, Herrin and Johnston
City. The land cover data (see Section 2.8) indicates that the watershed is approximately 12% urbanized,
but very little is considered heavily developed.

Population statistics and projections are available on a county basis. Most of this watershed is located in
Franklin County, the population of which has increased 1.4% between 2000 and 2010 (Table 9), less than
half the rate the state as a whole has grown.

Table 9. Population in Illinois and Target Watershed Counties

Illinois 12,419,293 12,830,632 411,339 3.3
Franklin County 39,018 39,561 543 14
Hamilton County 8,621 8,457 -164 -1.9
Jackson County 59,612 60,218 606 1.0
Williamson County 61,296 66,357 5,061 8.3

Source: Downloaded from http://www?2.illinois.gov/census/Pages/Census2010Data.aspx on July 1, 2013

The Greater Egypt Regional Planning and Development Commission, referencing US Census Bureau
projections, states that the population in the Greater Egypt 5-county area will be relatively steady (or
slightly declining) through 2030 (GERPDC 2010).

2.7 Mining, Oil and Gas Activities

Coal, oil and gas have been extracted throughout this watershed. These activities peaked between 1940
and 1980. Figures 4 through 7 show the ubiquitous mined areas and wells in the watershed. Nearly all of
the mining is underground. Nonetheless, mining and oil and gas drilling can affect the quality of surface
waters.


http://www2.illinois.gov/census/Pages/Census2010Data.aspx
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2.8 Land Cover

Land cover in the study area is tabulated by subwatershed in Table 10 and mapped in Figure 8. These data
are derived from 2011 Cropland Data Layer (CDL) for Illinois from the Natural Resources Conservation
Service (NRCS). CDL is a variation on the National Land Cover Database (NLCD).

From these data it is apparent that the Upper Big Muddy River watershed is predominantly agricultural
with roughly half of the land used for cultivated crops and pasture/hay. Roughly 25% of the watershed is
forested and about 12% developed for urban uses.
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Table 10. Land Use Land Cover of Subwatersheds for the 16 Impaired Waterbodies in the Project Watershed, in acres

January 31, 2014

Barren 1 0 0 25 5 0 0 2
Cultivated crop 8,827 2,771 177 12,897 2,236 20 57 118
Developed, high intensity 1 82 4 57 18 0 0 0
Developed, low intensity 986 1,543 250 2,380 1,165 29 17 52
Developed, medium intensity 46 435 79 397 224 5 0 2
Developed, open 1,264 2,193 323 2,585 1,549 28 26 104
Forest 6,466 4,925 403 12,069 7,453 154 173 1,221
Grassland/pasture/hay 4,249 2,778 302 10,876 5,296 136 175 737
Water 588 191 66 724 483 16 33 170
Wetlands 222 64 3 137 73 4 0 2
Total 22,650 14,983 1,608 42,146 18,502 392 481 2,407

Barren 1 0 0 0 3 71 3 0
Cultivated crop 19,578 5,238 601 552 14,184 31,209 4,700 4,182
Developed, high intensity 82 1 0 1 28 7 101 1
Developed, low intensity 2,702 474 37 163 1,389 776 1,451 740
Developed, medium intensity 526 32 4 19 206 36 395 32
Developed, open 3,528 438 106 503 2,003 2,709 1,699 1,591
Forest 14,810 1,970 848 1,799 6,538 15,155 8,015 2,923
Grassland/pasture/hay 12,869 2,000 696 1,696 8,447 18,155 3,885 3,438
Water 528 204 165 225 587 292 219 114
Wetlands 903 58 2 2 715 278 588 38
Total 55,528 10,414 2,460 4,959 34,100 68,689 21,056 13,059
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2.9 Livestock and Poultry

Illinois EPA has issued no permits in the Upper Big Muddy watershed for concentrated animal feeding
operations (CAFO). CAFOs are agricultural operations where relatively large numbers of animals are kept
and raised in confined situations; feed is brought to the animals rather than the animals grazing or
browsing in pastures or fields.

The National Agricultural Statistics Service performs a census of livestock and poultry production every
five years. The most recent census is from 2007 (Table 11). The data are not collected on a watershed
basis, but are available by county. Tables from the census is relevant as these operations are a potential
source of pollutants to area waterbodies. Livestock are a source of bacteria and nutrients while their
grazing can increase erosion introducing sediments (that may contain manganese, iron, or other
pollutants) to area streams and increasing sediment oxygen demand (SOD) within the segments which
can deplete dissolved oxygen.

Table 11. Livestock and Poultry Census Data

Cattle, incl calves - inventory 6,668

) Hogs - inventory 25,120
Frankiin County Sheep, incl lambs - inventory (D)
Poultry totals - hatched, measured in head (D)

Cattle, incl calves - inventory 2,540

. Hogs - inventory 21,988
Hamilton County Sheep, incl lambs - inventory 532
Poultry totals - hatched, measured in head (D)

Cattle, incl calves - inventory 11,751

Hogs - inventory 7,134
Jackson County Sheep, incl lambs - inventory 250
Poultry totals - hatched, measured in head 746

Cattle, incl calves - inventory 4,875
n Hogs - inventory (D)
Williamson County Sheep, incl lambs - inventory 110
Poultry totals - hatched, measured in head 286

(D) Withheld to avoid disclosing data for individual operations.

2.10 Point Sources and Septic Systems

Sixty-six entities were identified that are permitted to discharge treated wastewater in the target
watershed. Five of the twenty three (23) facilities that discharge treated sanitary wastewater, also have
permitted wet weather overflow discharges. Fifteen of the permitted discharges are acid or alkaline mine
drainage. The balance are generally stormwater-related outfalls (Tables 12 and 13 and Figure 9).

Septic systems are the dominate form of residential wastewater treatment in areas outside of towns.

Currently, there are no NPDES permitted CAFO facilities within the boundaries of the Upper Big Muddy
River Watershed
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Table 12. NPDES Discharges in the Target Watershed

IL0020851 | CHRISTOPHER STP 0010 | STP OUTFALL IL_N-11
IL0022365 | BENTON NORTHWEST STP M | 0020 | EMERGENCY HIGH LEVEL BYPASS IL_N-06
IL0022365 | BENTON NORTHWEST STP M | A010 | EXCESS FLOW (OVER 2.52 MGD) IL_N-06
IL0022365 | BENTON NORTHWEST STP 0010 | STP OUTFALL IL_N-06
IL0022365 | BENTON NORTHWEST STP M | 0030 | EXCESS FLOW(OLD SOUTHEAST STP) IL_N-06
IL0023299 | ZEIGLER STP 0010 | STP OUTFALL IL_NZM-01
IL0023337 | ROYALTON STP 0010 | STP OUTFALL IL_N-17
IL0029165 | HERRIN STP 0010 | STP OUTFALL IL_N-17
IL0029246 | HURST STP 0010 | STP OUTFALL IL_N-17
IL0029301 | JOHNSTON CITY STP M | A010 | EXCESS FLOW OUTFALL IL_NGA-02
IL0029301 | JOHNSTON CITY STP 0010 | STP OUTFALL IL_NGA-02
IL0031704 | WEST FRANKFORT STP M | A010 | EXCESS FLOW IL_N-11
IL0031704 | WEST FRANKFORT STP 0010 | STP OUTFALL IL_N-11
IL0042544 | LINCOLN GRADE SCHOOL STP 0010 | STP OUTFALL IL_NG-02
IL0048445 | ILLINOIS CENTRAL RR-BENTON R 001A | YEARLY STORMWATER REPORTING IL_N-06
IL0048445 | ILLINOIS CENTRAL RR-BENTON R 001Q | QUARTERLY STORMWATER RUNOFF IL_N-06
IL0048445 | ILLINOIS CENTRAL RR-BENTON R 0010 | STORMWATER RUNOFF IL_N-06
IL0050466 | LB CAMPING-SESSER STP 0010 | STP OUTFALL IL_NZN-13
IL0051730 | HOCKBRIAR MOBILE HOME ESTATES 0010 | EFFULENT REPORTING IL_N-17
IL0061379 | COTTONWOOD COAL CO-MINE # 1 M | 001P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0061379 | COTTONWOOD COAL CO-MINE # 1 0010 | ALKALINE MINE DRAINAGE IL_NG-02
IL0061379 | COTTONWOOD COAL CO-MINE # 1 M | 002P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0061379 | COTTONWOOD COAL CO-MINE # 1 0020 | ALKALINE MINE DRAINAGE IL_NG-02
IL0061760 | HILL CITY APARTMENTS-BENTON 0010 | STP OUTFALL IL_NH-06
IL0065111 | REND LAKE CONS. DIST. STP 0010 | STP OUTFALL IL_NH-06
IL0068705 | MARATHON PETROLEUM-BENTON M | 0010 | SWRUNOFF&HYDROSTATIC TEST WTR IL_NH-06
IL0068705 | MARATHON PETROLEUM-BENTON M | 0011 | HYDROSTATIC TEST WATER IL_NH-06
IL0070181 | MID CONTINENTAL FUELS-MINE #2 M | 001P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0070181 | MID CONTINENTAL FUELS-MINE #2 0010 | ACID MINE DRAINAGE IL_NG-02
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IL0070696 | ILLINOIS CENTRAL RR-THOMPSONVI 0010 | TREATED STORMWATER & GROUNDWTR IL_N-11
IL0071471 | NATIONAL MUSEUM OF COAL MINING 0020 | ALKALINE MINE DRAINAGE IL_N-11
IL0071471 | NATIONAL MUSEUM OF COAL MINING M 002P | QUARTERLY PRECIPITATION EVENTS IL_N-11
IL0071471 | NATIONAL MUSEUM OF COAL MINING 0250 | ACID MINE DRAINAGE IL_N-11
IL0071471 | NATIONAL MUSEUM OF COAL MINING M 025P | QUARTERLY PRECIPITATION EVENTS IL_N-11
IL0071471 | NATIONAL MUSEUM OF COAL MINING 0010 | SANITARY WASTEWATER IL_N-11
IL0071471 | NATIONAL MUSEUM OF COAL MINING 0050 | ALKALINE MINE DRAINAGE IL_N-11
IL0071471 | NATIONAL MUSEUM OF COAL MINING M 005P | QUARTERLY PRECIPITATION EVENTS IL_N-11
IL0071471 | NATIONAL MUSEUM OF COAL MINING 0060 | ALKALINE MINE DRAINAGE IL_N-11
IL0071471 | NATIONAL MUSEUM OF COAL MINING M 006P | QUARTERLY PRECIPITATION EVENTS IL_N-11
IL0071471 | NATIONAL MUSEUM OF COAL MINING M 007P | QUARTERLY PRECIPITATION EVENTS IL_RNP
IL0071471 | NATIONAL MUSEUM OF COAL MINING 0070 | ALKALINE MINE DRAINAGE IL_N-11
IL0072478 | THOMPSONVILLE STP 0010 | STP OUTFALL IL_RNQ
IL0074861 | WILLIAMS SUBDIVISION 0010 | STP OUTFALL IL_N-17
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 M 001P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 0080 | ACID MINE DRAINAGE IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 M 008P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 M 007P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 0070 | ACID MINE DRAINAGE IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 0060 | ACID MINE DRAINAGE IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 M 006P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 0020 | ALKALINE MINE DRAINAGE IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 M 002P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 0030 | ALKALINE MINE DRAINAGE IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 M 003P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 M 004P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 0040 | ALKALINE MINE DRAINAGE IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 M 005P | QUARTERLY PRECIPITATION EVENTS IL_NG-02
IL0077666 | STEELHEAD DEV CO LLC-POND CK 1 0050 | ALKALINE MINE DRAINAGE IL_NG-02
ILG580045 | CAMBRIA STP 0010 | STP OUTFALL IL_N-17
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ILG580083 | VALIER STP 0010 | STP OUTFALL IL_NZN-13
ILG580117 | ENERGY STP 0010 | STP OUTFALL IL_NF-01
ILG580155 | COLP STP 0010 | STP OUTFALL IL_NF-01
ILG580215 | WEST CITY STP 0010 | STP OUTFALL IL_N-06
ILG580221 | HANAFORD STP 0010 | STP OUTFALL IL_NH-06
ILG580272 | ORIENT STP 0010 | STP OUTFALL IL_N-11
ILG582002 | CRAINVILLE STP 0010 | STP OUTFALL IL_NF-01

Table 13. NPDES Permit Expiration Dates

1L0020851 CHRISTOPHER STP FEB-29-2016
1L0022365 BENTON NORTHWEST STP MAY-31-2016
1L0023299 ZEIGLER STP JUN-30-2010
1L0023337 ROYALTON STP MAY-31-2017
1L0029165 HERRIN STP SEP-30-2016
1L0029246 HURST STP JAN-31-2018
1L0029301 JOHNSTON CITY STP JUL-31-2011
1L0031704 WEST FRANKFORT STP SEP-30-2016
1L0042544 LINCOLN GRADE SCHOOL STP AUG-31-2017
1L0048445 ILLINOIS CENTRAL RR-BENTON FEB-28-2014
1L0050466 LB CAMPING-SESSER STP SEP-30-2017
[L0051730 HOCKBRIAR MOBILE HOME ESTATES JUL-31-2014
1L0061379 COTTONWOOD COAL CO-MINE # 1 NOV-30-2003
IL0061760 HILL CITY APARTMENTS-BENTON SEP-30-2017
IL0065111 REND LAKE CONS. DIST. STP OCT-31-2017
IL0068705 MARATHON PETROLEUM-BENTON NOV-30-2017
1L0070181 MID CONTINENTAL FUELS-MINE #2 OCT-31-2015
IL0070696 ILLINOIS CENTRAL RR-THOMPSONVI NOV-30-2011

Page | 26




Upper Big Muddy River Watershed January 31, 2014

1L0071471 NATIONAL MUSEUM OF COAL MINING AUG-31-2016
IL0072478 THOMPSONVILLE STP JUN-30-2017
IL0074861 WILLIAMS SUBDIVISION JUL-31-2016
ILO077666 STEELHEAD DEV CO LLC-POND CK 1 JUL-31-2010
ILG580045 CAMBRIA STP DEC-31-2007
ILG580083 VALIER STP DEC-31-2007
ILG580117 ENERGY STP DEC-31-2007
ILG580155 COLP STP DEC-31-2007
ILG580215 WEST CITY STP DEC-31-2007
ILG580221 HANAFORD STP DEC-31-2007
ILG580272 ORIENT STP DEC-31-2007
ILG582002 CRAINVILLE STP DEC-31-2007

Page | 27



Upper Big Muddy River Watershed January 31, 2014

UPPER BIG MUDDY RIVER
Point Sources

Permitted
point source

Impaired stream
or lake

—=——" Subwatersheds

=

NOIS CE} L’
L 70691“[‘

¢ . ’.J

b Pl

Ly
IL0031704.

ddy_PointSoure

= Eond g
3 r
- %mo _w

TV

swad

) i Ky ECHERD, PE “
5 @ Ly =) LC-POND CK1 ; 7 ;
: g St U 0077666 ~_w
HNS‘%&T);?M Py : ’ ’.? “
o 2, g3, 1 " 51 'm tl‘!.-. 3 NCOLN GRADE '
5 : 5y A ’ : I g+ [L
= E \ ~ of I :
= ILLIAMS SUBD. \ i LO01379 5 = . .

’.‘ oAl T ThoST B Yo g Y/ G - ‘ 4 Pl '
&/ HOCKBRIAR MOBILE HOME ESTATES~ ™ CRAINVILLE BTPY, (%L 1 saicico TWENTAL FUELS-MINEA2 - \A‘Q

. X 10051730 o || LG58, _ # 4”| ISANz0 LOOTOTEL | Bl - / .

Figure 9. Point Source Outfalls in the Upper Big Muddy Watershed

Page | 28



Upper Big Muddy River Watershed January 31, 2014

3
Public Participation

This section summarizes the results of a December 17, 2013 public meeting, at which lllinois EPA
Planning Unit TMDL project managers, along with their consultant presented the results of the Stage One
Draft report for the Upper Big Muddy watershed.

On November 16, 2013, a public meeting was announced for presentation of the Stage One findings

. The public meeting was held at 3:30 pm on Tuesday,
December 17, 2013 in West Frankfort, Illinois at the public library. This meeting provided an opportunity
for local agencies and the general public to provide input on work completed to date. Prior to the meeting,
Illinois EPA posted the draft Stage 1 Report for the watershed to their website

In addition to the meeting's sponsors, 25 individuals attended the meeting. Attendees registered and
listened to an introduction to the TMDL Program from Illinois EPA and a presentation on the Stage One
findings by the Agency’s consultant. This was followed by a general question and answer session.

A summary of questions and issues raised at the meeting, and responses, is provided below:

e Why is the upstream watershed (Rend Lake) being done separately and how will you
accommodate those sources in this watershed?
The Agency contracts watersheds separately, with large watersheds generally broken into
smaller more manageable subareas for analysis. The Upper Big Muddy Watershed will
prepare the TMDL under the assumption that the upstream Rend Lake TMDL is
implemented and pollutant loads entering the Upper Big Muddy are within those limits.

e How do we factor in land treatment projects? Have we ever used FOIA to procure location-
specific data on land treatment?
The Agency nor the contractor have been successful obtaining specific data on BMPs from
the Farm Service Agency due to confidentiality clauses in the FSA contracts.

o Do we consider weather conditions (drought, flood, etc) when sampling?
Yes, and this is required for data that is intended to support load duration analysis. Water
quality samples are ideally collected from high flow events, median flow conditions, and
during times of low flow. Unfortunately flow conditions are difficult to predict.

¢ How does the TMDL affect individual farmers vs treatment plants?

TMDL implementation on cropland is voluntary, with technical and financial assistance
provided by the State. NPDES permit holders may be required to reduce their loadings.

The Agency entertained questions and concerns from the public through January 15, 2014. No additional
guestions, issues, or comments were received.
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4
Water Quality Standards

Water quality standards are intended to protect the designated uses of water. In Illinois, the Illinois
Pollution Control Board (IPCB) is authorized to establish designated uses and quality standards for water.
The state’s water quality standards are promulgated as the Illinois Administrative Rules Title 35,
Environmental Protection; Subtitle C, Water Pollution; Chapter I, Pollution Control Board; Part 302,
Water Quality Standards. These standards are updated every three years in accordance with federal
regulations.

Water in the state is classified according to its designated uses. These are: General Use, Public and Food
Processing Water Supplies, Lake Michigan, and Secondary Contact and Indigenous Aquatic Life Use. The
designated use that is not being supported in the Upper Big Muddy River watershed, and hence is
requiring this TMDL, is General Use.

The General Use classification is designed to protect aquatic life, wildlife, agricultural use, secondary
contact use, most industrial uses, aesthetic qualities, and, primary contact use for those waters whose
physical configuration permits such use. Below we paraphrase the water quality standards that are not
being met in one or more waterbodies that are designated for General Use in the Upper Big Muddy River
watershed.

4.1 Offensive Conditions

Water quality standards for offensive conditions are defined in a narrative form, rather than numeric, in
Section 302.203 of Title 35 of the Illinois Administrative Code. That section states that waters of the State
shall be free from sludge or bottom deposits, floating debris, visible oil, odor, plant or algal growth, color
or turbidity of other than natural origin

4.2 Sulfate

The General Use standards for sulfate are in Section 302.208 of Title 35 of the Illinois Administrative
Code. They are multifold, and in part, dependent on hardness and chloride concentrations:

1. Atany point where water is used for livestock watering, the average of sulfate concentrations
must not exceed 2,000 mg/L when measured at a representative frequency over a 30 day period.

2. The results of the following equations provide sulfate water quality standards in mg/L for the
specified ranges of hardness (in mg/L as CaCOg3) and chloride (in mg/L) and must be met at all
times:

a. If the hardness concentration is greater than or equal to 100 mg/L but less than or equal
to 500 mg/L, and if the chloride concentration is greater than or equal to 25 mg/L but
less than or equal to 500 mg/L, then:

C =[1276.7 + 5.508 (hardness) - 1.457 (chloride)] * 0.65
where: C = sulfate concentration
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b. If the hardness concentration is greater than or equal to 100 mg/L but less than or equal
to 500 mg/L, and if the chloride concentration is greater than or equal to 5 mg/L but less
than 25 mg/L, then:

C =1[-57.478 + 5.79 (hardness) + 54.163 (chloride)] * 0.65
3. The following sulfate standards must be met at all times when hardness and chloride
concentrations other than specified above are present:

a. If the hardness concentration is less than 100 mg/L or chloride concentration is less than
5 mg/L, the sulfate standard is 500 mg/L.

b. If the hardness concentration is greater than 500 mg/L and the chloride concentration is
5 mg/L or greater, the sulfate standard is 2,000 mg/L.

c. Ifthe combination of hardness and chloride concentrations of existing waters are not
reflected above, the sulfate standard may be determined in a site-specific rulemaking.

The sulfate standard was revised as above in 2008 through Illinois Pollution Control Board Rulemaking
R2007-009 (In the Matter of: Triennial Review of Sulfate and Total Dissolved Solids Water Quality
Standards: Proposed Amendments to 35 Ill. Adm. Code 302.102(b)(6), 302.102(b)(8), 302.102(b)(10),
302.208(g), 309.103(c)(3), 405.109(b)(2)(A), 409.109(b)(2)(B), 406.100(d); Repealer of 35 Ill. Adm.
Code 406.203 and Part 407; and Proposed New 35 Ill. Adm. Code 302.208(h)).

4.3 Chloride

The General Use standard for chloride is in Section 302.208 of Title 35. The standard is 500 mg/L.

4.4 Fecal Coliform

The General Use standards for fecal coliform bacteria are in Section 302.209 of Title 35. During the
months May through October (swimming season), based on a minimum of five samples taken over not
more than a 30 day period, fecal coliform bacteria shall not exceed a geometric mean of 200 per 100 mL,
nor shall more than 10% of the samples during any 30 day period exceed 400 per 100 mL.

4.5 Manganese and Iron

The General Use standards for aquatic life use support are in Section 302.208 of Title 35.The iron
(dissolved) standard is 1 mg/L. Manganese has acute and chronic standards, and both are hardness based.
The acute standard is:

exp(4.9187 + 0.7467 = In(H)) = 0.9812
where H is hardness (in mg/L as CaCOs). The chronic standard is similar:

exp(4.0635 + 0.7467 = In(H)) * 0.9812
The manganese standard for Public Water Supply Intakes is 1.0 mg/L.

The manganese standard was revised in 2012 through Illinois Pollution Control Board Rulemaking
R2011-018 (In the Matter of: Triennial Review of Water Quality Standards for Boron, Fluoride and
Manganese: Amendments to 35 Ill. Adm. Code 301.106, 302.Subparts B, C, E, F and 303.312).

4.6 Phosphorus

The General Use standard for phosphorus is in Section 302.206 of Title 35. Phosphorus shall not exceed
0.05 mg/L in any reservoir or lake with a surface area of 20 acres or more, or in any stream at the point
where it enters any such reservoir or lake.
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4.7 Dissolved Oxygen

The General Use standards for dissolved oxygen (DO) are in Section 302.207 of Title 35. General Use
waters must maintain sufficient DO concentrations to prevent offensive conditions as required in Section
302.203. Quiescent and isolated areas of General Use waters including but not limited to wetlands,
sloughs, backwaters and waters below the thermocline in lakes and reservoirs must be maintained at
sufficient dissolved oxygen concentrations to support their natural ecological functions and resident
aquatic communities. Further, the DO concentration in the main body of all streams, in the water above
the thermocline of thermally stratified lakes and reservoirs, and in the entire water column of unstratified
lakes and reservoirs must not be less than:

1. During the period of March through July, 5.0 mg/L at any time, and, 6.0 mg/L as a daily
mean averaged over 7 days.

2. During the period of August through February, 3.5 mg/L at any time, 4.0 mg/L as a daily
minimum averaged over 7 days, and, 5.5 mg/L as a daily mean averaged over 30 days.

4.8 Lindane

Lindane, or gamma-BHC (hexachlorocyclohexane), is an insecticide used for agricultural and/or health
care purposes. Agricultural-grade lindane products, limited in recent years to preplanting seed treatments
for 6 crops (barley, corn, oats, rye, sorghum and wheat), have accounted for more than 99% of all lindane
applications. Pharmaceutical-grade topical products containing lindane are available for the treatment of
scabies and lice.

Illinois does not currently have a numeric water quality standard for lindane. However, the narrative
water quality standards permit the Agency to derive numeric water quality criteria values for any
substance that does not already have a numeric standard. These criteria serve to protect aquatic life,
human health or wildlife, although wildlife based derived criteria have not yet been derived. To date, the
IEPA has not derived criteria for lindane.

Hurricane Creek’s listing as an impaired waterbody was based upon a no-longer-used sediment-based
criterion.
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5 Confirmation of Causes and Sources of Impairment

This section provides an analysis of available water quality data to verify the impairments identified in in
the State’s 2012 Integrated Water Quality Report and Section 303(D) List (IEPA, 2012). Only pollutants
with numeric water quality standards are subjected to this analysis. Following that, potential pollutant
sources in the subwatersheds are likewise verified.

5.1 Sufficiency of Data to Support Listing

For each listed water body, the available water quality data is analyzed to: 1) confirm the sufficiency of the
data to support the listing decision, and 2) confirm the cause of the impairment according to the lllinois
Integrated Water Quality Report and Section 303(d) List (IEPA, 2012). Data analysis involved compiling
summary statistics for each parameter and comparing to numeric water quality standards.

Table 14. Data Summary for Impairments

4/04 - 11/11
Sulfate N-11 21.2mg/lL | 814 mglL 76 mg/L
Big Muddy (56 samples)
River IL_N-11 | 101
Fecal Colform | N-11 | 299 ~1010 1 o5 100 mL | 260 /100mL | 86 /200mL
(20 samples)
Big Muddy Dissolved 6/03-11/03
River IL_N-17 Oxygen N-17 (3 samples) 44 mglL 8.1 mglL 6.1 mg/L
Prairie Creek 7/88-8/88
IL_NZM-01 Sulfate NZM-01 (3 samples) 652 mg/L 808 mg/L 706 mg/L
5/08-8/08
Iron NZN-15 (3 samples) 38 pg/L 1,110 pg/L | 410 pglL
Andy Creek 5/08-8/08
IL_NZN-13 Manganese NZN-15 (1 sample) 224 g/l 224 nglL 224 nglL
Dissolved 5/08-8/08
Oxygen NZN-15 (3 samples) 2.5 mg/L 7.3 mg/L 4.2 mg/L
Herrin Old 6/11
IL_RNZD Phosphorus RNzD-99 (1 sample) 0.085mg/L | 0.085mg/L | 0.085 mg/L
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3/04-1/07
NG-02 (27 samples) 8.07mg/L | 69.2mg/L | 32.8 mg/L
Chloride
NG-05 g” osrh?/ X | 438mglL | 1420mgl | 568 mglL
Pond Creek (3 samples)
IL_NG-02
- 1/03-1/07
NG-02 (37 samples) 0.0 mg/L 71 mg/L 5.9 mg/L
Dissolved Oxygen
5/08-8/08
NG-05 (7 samples) 5.5 mg/L 9.1 mg/L 7.2 mg/L
Lake Creek .
IL_NGA-02 Dissolved Oxygen | NGA-02 (75 /sofm%l(()ags) 3.6 mg/L 8.2 mg/L 5.4 mg/L
Beaver Creek 8/08
IL_NGAZ-IC- Manganese | "oy | (Lsamplefor | 6410 gl | 6,410 gl | 6410 gl
D1 total Mn only)
Johnston Ci )
IL_RNZE v Phosphorus RNZE-1 (féos,zarlnopflcc)azs) 0.035mg/L | 0.129 mg/L | 0.070 mg/L
Arrowhead 5/09-10/09
(Willamson) RNZXL | (10 camples) | 005 ML | 0524 mglL | 0.152mglL
IL_RNZX
Phosphorus RNZX-2 (55/221%8{22) 0.034 mg/L | 0.074 mg/L | 0.055 mg/L
6/09-10/09
RNZX-3 (@ samples) 0.049 mg/L | 0.083 mg/L | 0.064 mg/L
Fecal Coliform | NH-06 (é”sojm‘r’; Ile(;) 105/100 mL | 390/100 mL | 250/100 mL
M. Fk. Big
Muddy IL_NH- | Dissolved Oxygen | NH-06 (zl;os?érlnlélle 15) 0.7 mg/L 16.4 mg/L 5.8 mg/L
06
1/09-11/11
Manganese NH-06 (27 samples) 438 pg/l | 1,790 ug/ll | 686 ug/L
M. Fk. Bi -
Muddy IL%NH- Dissolved Oxygen |  NH-07 é’gi;;{gﬁ’) 2.5 mg/L 6.4 mg/L 4.0 mg/L
07
Manganese NH-07 g 22;;{22) 620 gl | 1,700 pglL | 1,100 pglL
West Frankfort
Old IL_RNP Phosphorus RNP-1 v szﬁéles) .034mg/lL | 0444 mg/L | 0.239 mg/L
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West Frankfort
New IL_RNQ

Phosphorus RNQ-1

7111
(2 samples)

0.111mg/L | 0.221 mg/L | 0.166 mg/L

Table 15. Confirmation of Use Impairment and Waterbody Listing

Big Muddy River (IL_N-11)
Sulfate General use (Aquatic life) Eﬁgﬁgge;g duﬁg? dness 1 of 56 samples > criterion
Geo mean of 25
- samples in 30 days ] L _
Eecal coliform Prlmary contact <200/100mL or fewer 30-day sampling criterion not met;
recreation than 10% of samples be 1 out of 10 samples > 200/100mL
> 400/100mL
Big Muddy River (IL_N-17)
Dissolved oxygen General use (Aquatic life) 28 mgjt cl\)/lﬁngumlonths 1 of 3 samples < criterion
Prairie Creek (IL_NZM-01)
Sulfate General use (Aquatic life) 2,000 mg/L 0 out of 3 samp!es_ > criterion;
recommend delisting
Andy Creek (IL_NZN-13)
Iron General use 1,000 pg/L 1 out of 3 samples > criterion
Manganese General use (Aquatic life) Dependent upon Ooutof 1 samp!e > criterion;
hardness recommend delisting
. General use (Aquatic life) | 5.0 mg/L Mar-Jul 2 out of 3 samples < criterion
Dissolved Oxygen 4.0 mg/L other months
Herrin Old (IL_RNZD)
Phosphorus \ Aesthetics \ 0.05 mg/L 1 out of 1 sample > criterion
Pond Creek (IL_NG-02)
Chloride General use 500 mg/L 1 out of 30 samples > criterion
Dissolved oxygen General use (Aquatic life) | 5.0 mg/L Mar-Jul 22 of 44 samples < criterion
4.0 mg/L other months
Lake Creek (IL_NGA-02)
Dissolved oxygen General use (Aquatic life) | 5.0 mg/L Mar-Jul 2 out of 7 samples < criterion
4.0 mg/L other months
Beaver Creek (IL_NGAZ-JC-D1)
Manganese General use (Aquatic life) Sgrfg'ﬁ g;tfndard = 1 out of 1 sample > criterion
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Johnston City (IL_RNZE)

Phosphorus \ Aesthetics \ 0.05 mg/L \ 7 of 10 samples > criterion
Arrowhead (Williamson) (IL_RNZX)
Phosphorus \ Aesthetics \ 0.05 mg/L \ 16 of 19 samples > criterion

M. Fk. Big Muddy River (IL_NH-06)

Geo mean of 25
samples in 30 days

. Primary contact 30-day sampling criterion not met;

Fecal colform recrezlt)i/ozo * ;Zaaogl()?’/oorg:‘_sgr;%ﬁir be | 4out gf 5 sapmp?es >200/100mL
> 400/100mL

Dissolved oxygen General use (Aquatic life) | 5.0 mg/L Mar-Jul 12 out of 27 measurements <
4.0 mg/L other months | criterion

Manganese General use (Aquatic life) E:r%?]rgiim upon ?eggtnonfézdszr;ggs; criterion;

M. Fk. Big Muddy River (IL_NH-07)

Dissolved oxygen General use (Aquatic life) | 5.0 mg/L Mar-Jul 2 out of 3 samples < criterion
4.0 mg/L other months

Manganese General use (Aquatic life) Eependent upon 0 out of 3 samples > criterion;

ardness recommend delisting

West Frankfort Old (IL_RNP)

Phosphorus \ Aesthetics \ 0.05 mg/L \ 1 out of 2 samples > criterion

West Frankfort New (IL_RNQ)

Phosphorus \ Aesthetics \ 0.05 mg/L \ 2 out of 2 samples > criterion

In summary, the Upper Big Muddy watershed has been indicated in the 2012 303(d) list as having 16
waterbodies with impaired use support. At the time the 303(d) list was prepared, this would suggest 23
TMDLs and 13 LRSs. Since development of the 2012 (and prior biennial 303(d) lists), some numeric
water quality standards have been revised that affect whether or not a TMDL is prepared. TMDLs are
only prepared for impairments caused by exceedance of a numeric water quality standard.

This review of available water quality data and current state water quality standards recommends that
TMDLs not be prepared for impairments caused by manganese in 2 segments of the M. Fk. Big Muddy
River (IL_NH-06 and IL_NH-07) and Andy Creek (IL_NZN-13). ). Seventeen (17) TMDLs are
recommended for the 13 waterbodies with pollutants having numeric standards and 11 LRSs are also
recommended for 10 waterbodies to address pollutants with narrative standards.

The original listing of lindane (BHC- gamma) for Hurricane Creek , segment IL_NF-01, was from a
sample of sediment taken in 1995 at station NF-01 which showed lindane at 2.5 ug/kg (personal
communication, D. Muir, IEPA, in an email dated 9/10/2013). The aquatic life use support impairment of
Hurricane Creek by lindane has been on the state’s 303(d) list since 1996 and was identified using
sediment criteria that are no longer in effect. In 2008, another sediment sample was analyzed from NF-
01; lindane in that sample was less than the method detection limit of 0.16 pg/kg. The state has not yet
derived numeric standards for lindane, and after consulting with Agency staff, it is not appropriate to
retain it as an impaired waterbody nor to prepare an LRS for lindane.
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This section discusses potential sources of pollutants for the above water use impairments. Potential
sources are known or suspected activities, facilities, or conditions that may be contributing to impairment

of a designated use. The impairments identified by Illinois EPA in the 2012 Integrated Report are

reprinted in Table 16.

Table 16. Waterbody Impairment Causes and Sources (from IEPA, 2012)

Big Muddy River (IL_N-06)

Sedimentation/Siltation

Natural Sources

Crop Production (crop land or dry land)
Dam or Impoundment

Agriculture

Atmospheric Deposition — Toxics
Source Unknown

Big Muddy River (IL_N-11)

Sulfates

Fecal Coliform
Sedimentation/Siltation
TSS

Non-irrigated Crop Production
Source Unknown
Atmospheric Deposition — Toxics

Big Muddy River (IL_N-17)

Dissolved Oxygen
Sedimentation/Siltation
TSS

Municipal Point Source Discharges
Non-irrigated crop production

Natural Sources

Crop Production (crop land or dry land)
Atmospheric Deposition — Toxics
Source Unknown

Hurricane Creek (IL_NF-01)

Lindane
Sedimentation/Siltation

Crop Production (crop land or dry land)
Agriculture

Prairie Creek (IL_NZM-01)

Sulfates

Surface mining

Andy Creek (IL_NZN-13)

Iron
Manganese
Dissolved Oxygen

Channelization

Loss of Riparian Habitat

Crop Production (crop land or dry land)
Agriculture

Source Unknown

Herrin Old (IL_RNZD)

Phosphorus (Total)
Total Suspended Solids (TSS)

Atmospheric Deposition — Toxics
Source Unknown

Contaminated Sediments

Urban Runoff/Storm Sewers

Other Recreational Pollution Sources

Pond Creek (IL_NG-02)
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Chloride
Dissolved Oxygen
Sedimentation/Siltation

Channelization

Impacts from Abandoned Mines (Inactive)
Loss of Riparian Habitat

Streambank Modifications/ destabilization
Crop production (crop land or dry land)
Agriculture

Urban Runoff/Storm Sewers

Source Unknown

Lake Creek (IL_NGA-02)

Dissolved Oxygen
Phosphorus (Total)

Source Unknown

Municipal Point Source Discharges
Crop Production (crop land or dry land)
Agriculture

Urban Runoff/Storm Sewers

Beaver Creek (IL_NGAZ-JC-D1)

Manganese

Loss of Riparian Habitat

Municipal Point Source Discharges
Crop Production (crop land or dry land)
Agriculture

Urban Runoff/Storm Sewers

Runoff from Forest/Grassland/Parkland

Johnston City (IL_RNZE)

Phosphorus (Total)
Total Suspended Solids (TSS)

Littoral/shore Area Modifications (Non-riverine)
Runoff from Forest/Grassland/Parkland

M. Fk. Big Muddy River (IL_NH-06)

Manganese
Dissolved Oxygen
Fecal Coliform

Petroleum/Natural Gas Activities
Surface Mining

Animal Feeding Operations
Municipal Point Source Discharges
Channelization

Source Unknown

M. Fk. Big Muddy River (IL_NH-07)

Manganese
Dissolved Oxygen
Sedimentation/Siltation

Petroleum/Natural Gas Activities
Surface Mining

Animal Feeding Operations

Natural Sources

Crop Production (crop land or dry land)

West Frankfort Old (IL_RNP)

Phosphorus (Total)
Total Suspended Solids (TSS)

Littoral/shore Area Modifications (Non-riverine)
Crop Production (crop land or dry land)
Runoff from Forest/Grassland/Parkland

West Frankfort New (IL_RNQ)

Phosphorus (Total)
Total Suspended Solids (TSS)

Littoral/shore Area Modifications (Non-riverine)

On-site Treatment Systems (Septic Systems and Similar
Decentralized Systems)

Site Clearance (land development of redevelopment)
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Crop Production (crop land or dry land)
Urban Runoff/Storm Sewers
Runoff from Forest/Grassland/Parkland

Details for these and other point and nonpoint pollutant sources are presented in Section 2, Watershed
Characterization.

One notable point is the possibility that hydrologic changes to downstream segments of the Big Muddy
River due to flood storage at Rend Lake may be contributing to sedimentation/siltation and TSS (total
suspended solids)-related impairments. The hydrologic changes are significant, particularly at low flows
(<50 exceedance level). Those segments include IL_N-6, IL_N-11, and IL_N-17. Segment N-06 is the
tailwater of Rend Lake.
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6 Methodology

Development of TMDLs and LRSs requires: 1) a method to estimate the amount of pollutant load being
delivered to the water body of interest from all contributing sources, and 2) a method to convert these
pollutant loads into an in-stream (or in-lake) concentration for comparison to water quality targets. Both
of these steps can be accomplished using a wide range of methodologies, ranging from simple calculations
to complex computer models. This section recommends methodologies for the specific watersheds and
waterbodies in the Upper Big Muddy watershed.

6.1 Applicable models and procedures to be used in TMDL and LRS development

Numerous methodologies exist to characterize watershed loads for TMDL and LRS development. These
include:

e Empirical Approaches

e Simple Method/Unit Area Loads/Export Coefficients

e Universal Soil Loss Equation

e Generalized Watershed Loading Functions (AVGWLF)/MapShed Model
e Long Term Hydrologic Impact Analysis (L-THIA)

e Spreadsheet Tool for Estimating Pollutant Load (STEPL)

e Annualized Agricultural Nonpoint Source Pollution Model (AnnAGNPS)
e Hydrologic Simulation Program - Fortran (HSPF)

e Better Assessment Science Integrating point and Nonpoint Sources (BASINS)/ Nonpoint Source
Model (NPSM)

e Storm Water Management Model (SWMM)
e Soil & Water Assessment Tool (SWAT)

This section describes each of the model frameworks listed above and their suitability for characterizing
watershed loads for TMDL and LRS development. Table 17 summarizes some important characteristics of
each of the models.
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Table 17. Summary of Potentially Applicable Models for Estimating Watershed Loads

Empirical High Any High N/A Good for defining existing total
Approach load; less applicable for defining
individual contributions or future
loads
Simple Low Annual Low None Acceptable when limited
Method/Unit average resources prevent development
Area Loads of more detailed model
USLE Low Annual Low Requires data Acceptable when limited
average describing annual | resources prevent development
average load of more detailed model
AVGWLF/ Moderate Monthly Moderate Requires data Good for mixed use
MapShed average describing flow | watersheds; compromise
and concentration | between simple and more
complex models
L-THIA Moderate Annual Low None Good for screening-level
Average assessments. Model focuses
on the average impact, rather
than an extreme year or storm.
STEPL Moderate | Annual Total | Moderate none Suited for urban and rural
watersheds. A simple model
designed for TMDL support.
SWMM Moderate Continuous Moderate Requires data o
describing flow Primarily suited for urban
. watersheds
and concentration
AnnAGNPS High Continuous High Requires data Primarily suited for rural
describing flow | watersheds; highly applicable if
and concentration | sufficient resources are
available
HSPF High Continuous High Requires data | Good for mixed use
describing flow | watersheds; highly applicable if
and concentration | sufficient resources are
available
SWAT High Continuous High Requires data Primarily suited for rural
describing flow | watersheds; highly applicable if
and concentration | sufficient resources are
available
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6.1.1 Empirical Approaches

Empirical approaches estimate pollutant loading rates based upon site-specific measurements, without
the use of a model to describe specific cause-effect relationships. Time series information is required for
both stream flow and pollutant concentration. One advantage of empirical approaches is that direct
measurement of pollutant loading will generally be far more accurate than any model-based estimate. The
approach, however, has several disadvantages. The empirical approach provides information specific to
the storms that are monitored, but does not provide direct information on conditions for events that were
not monitored. To address this limitation, predictive methods can be used to integrate discrete
measurements of suspended solids concentrations with continuous flow records to provide estimates of
solids loads over a range of conditions.

The primary limitation of empirical techniques is their inability to separate individual contributions from
multiple sources. This problem can be addressed by collecting samples from tributaries serving single
land uses, but most tributary monitoring stations reflect multiple land uses. As a complement to empirical
estimates of watershed loads, the EUTROMOD and BATHTUB water quality models described below
contain routines that apply the empirical approach to estimate watershed loads.

6.1.2 Simple Method/Unit Area Loads/Export Coefficients

The EPA Simple Method is used to develop storm runoff volumes and associated pollutant loads. The
method is discussed in the EPA guidance manual (USEPA 1992). In the Simple Method, annual pollutant
loads are estimated as the product of storm runoff volume and event mean pollutant concentrations,
summed over the course of one year.

A similar technique uses unit area loads or export coefficients, to develop estimates of pollutant loads in a
watershed. A unit area load or export coefficient is a value expressing pollutant generation per unit area
and unit time for a specific land use (Novotny and Olem, 1994).

The use of unit area loading or export coefficients has been used extensively in estimating loading
contributions from different land uses (Beaulac 1980, Corsi et al. 1997, Reckhow et al. 1980, Reckhow and
Simpson 1980, Uttormark et al. 1974). The concept is straightforward: different land use areas contribute
different loads to receiving waters. By summing the amount of pollutant exported per unit area of land
use in the watershed, the total pollutant load to the receiving water can be estimated.

The technique is usually based on average annual loads, and estimates existing load, as well as reductions
in pollutant load for changing land uses or BMP installations necessary achieve a target TMDL or LRS
pollutant load. The accuracy of the estimates is dependent on good land use data, and appropriate
pollutant export coefficients for the region.

EUTROMOD is a spreadsheet-based modeling procedure for estimating phosphorus loading and
associated lake trophic state variables. This watershed component of this tool can estimate phosphorus
loads derived from watershed land uses or inflow data using approaches developed by Reckhow et al.
(1980) and Reckhow and Simpson (1980). The FLUX module of the BATHTUB software program
estimates watershed nutrient loads or fluxes to a lake/reservoir and provides five different algorithms for
estimating these nutrient loads based on the correlation of concentration and flow. In addition, the
potential errors in loading estimates are quantified.

6.1.3 Universal Soil Loss Equation

The Universal Soil Loss Equation (USLE), and variations of the USLE, are the most widely used methods
for predicting soil loss. When applied properly, the USLE can be used as a means to estimate loads of
sediment and sediment-associated pollutants for TMDLs or LRSs. The USLE is empirical, meaning that it
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was developed from statistical regression analyses of a large database of runoff and soil loss data from
numerous watersheds. It does not describe specific erosion processes. The USLE was designed to predict
long-term average annual soil erosion for combinations of crop systems and management practices with
specified soil types, rainfall patterns, and topography.

Required model inputs to the USLE consist of:

e Rainfall erosivity index factor

e Soil-erodibility factor

o Slope length factor reflecting local topography
e Cropping-management factor

e Conservation practice factor

Most of the required inputs for application of the USLE are tabulated by county Natural Resources
Conservation Service (NRCS) offices.

There are also variants to the USLE: the Revised USLE (RUSLE) and the Modified USLE (MUSLE). The
RUSLE is a computerized update of the USLE incorporating new data and making some improvements.
The basic USLE equation is retained, but the technology for evaluating the factor values has been altered
and new data introduced to evaluate the terms for specific conditions. The MUSLE is a modification of
USLE, with the rainfall energy factor of the USLE replaced with a runoff energy factor. MUSLE allows for
estimation of soil erosion on an event-specific basis.

While the USLE was originally designed to consider soil/sediment loading only, it is also commonly used
to define loads from pollutants that are tightly bound to soils. In these situations, the USLE is used to
define the sediment load, with the result multiplied by a pollutant concentration factor (mass of pollutant
per mass of soil) to define pollutant load.

The USLE is among the simplest of the available models for estimating sediment and sediment-associated
loads. It requires the least amount of input data for its application and consequently does not ensure a
high level of accuracy. Itis well suited for screening-level calculations, but is less suited for detailed
applications. This is because it is an empirical model that does not explicitly represent site-specific
physical processes. Furthermore, the annual average time scale of the USLE is poorly suited for model
calibration purposes, as field data are rarely available to define erosion on an annual average basis. In
addition, the USLE considers erosion only, and does not explicitly consider the amount of sediment that is
delivered to stream locations of interest. It is best used in situations where data are available to define
annual loading rates, which allows for site-specific determination of the fraction of eroded sediment that
is delivered to the surface water.

6.1.4 Generalized Watershed Loading Functions Model (AVGWLF)/MapShed

The Generalized Watershed Loading Functions Model (AVGWLF) simulates runoff and sediment loadings
from mixed-use watersheds. It is a continuous simulation model (i.e., predicts how concentrations change
over time) that uses daily time steps for weather data and water balance calculations. Sediment loadings
are provided on a monthly basis. AVGWLF requires the user to divide the watershed into any number of
distinct groups, each of which is labeled as rural or urban. The model does not spatially distribute the
source areas, but simply aggregates the loads from each area into a watershed total; in other words, there
is no spatial routing. Erosion and sediment yield for rural areas are estimated using monthly erosion
calculations based on the USLE (with monthly rainfall-runoff coefficients). A sediment delivery ratio
based on watershed size and a transport capacity based on average daily runoff are then applied to the
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calculated erosion to determine how much of the sediment eroded from each source area is delivered to
the watershed outlet. Erosion from urban areas is considered negligible.

GWLF provides more detailed temporal results than the USLE, but also requires more input data.
Specifically, daily climate data are required as well as data on processes related to the hydrologic cycle
(e.g., evapotranspiration rates, groundwater recession constants). By performing a water balance, it has
the ability to predict concentrations at a watershed outlet as opposed to just loads. It lacks the ability to
calculate the sediment delivery ratio; however, a delivery ratio can be specified by the user. Because the
model performs on a continuous simulation basis, it is more amenable to site-specific calibration than
USLE. Penn State University, developers of AVGWLF, is discontinuing support of the AVGWLF model in
support of the MapShed model. MapShed essentially duplicates the functionality of AVGWLF model, but
uses non-commercial GIS software.

6.1.5 Long Term Hydrologic Impact Analysis (L-THIA)

L-THIA is a web-based screening level model to evaluate the changes in runoff, recharge, nutrients and
sediment loads due to proposed land use changes. L-THIA gives long-term average annual runoff for a
land use configuration, based on actual long-term climate data for that area. By using many years of
climate data in the analysis, L-THIA focuses on the average impact, rather than an extreme year or storm.

Data input requirements are minimal and include long-term precipitation, area of actual and proposed
land use, and hydrologic soil groups. The user can choose basic or detailed input options depending on
the choices of land use that need to be evaluated. An ArcView 3.x GIS version of L-THIA is available which
allows the user to prepare input, conduct simulations and process results within the GIS environment.

L-THIA employs the curve number (CN) approach to estimate runoff. Antecedent moisture content
(AMC) in the soil is estimated by precipitation data and CN is adjusted in accordance with the changes in
AMC. Nonpoint source pollution masses are estimated based on Event Mean Concentration (EMC) data
and estimated runoff. Built in EMC values can be replaced with site specific values. L-THIA will generate
estimated runoff volumes and depths, and expected nonpoint source pollution loadings to water bodies.
L-THIA's results can be used to analyze potential long-term problems and to support land use planning.

6.1.6 Spreadsheet Tool for Estimating Pollutant Load (STEPL)

Spreadsheet Tool for Estimating Pollutant Load (STEPL) employs simple algorithms to calculate nutrient
and sediment loads from different land uses and the load reductions that would result from the
implementation of various best management practices (BMPs). STEPL includes a Visual Basic (VB)
interface in a spreadsheet-based model. It computes watershed surface runoff; nutrient loads, including
nitrogen, phosphorus, and 5-day biological oxygen demand (BOD5); and sediment delivery based on
various land uses and management practices.

Annual nutrient loading is calculated based on runoff volume and the pollutant concentrations in the
runoff water as influenced by factors such as the land use distribution and management practices. The
annual sediment load (sheet and rill erosion only) is calculated based on the Universal Soil Loss Equation
(USLE) and the sediment delivery ratio. The sediment and pollutant load reductions that result from the
implementation of BMPs are computed using BMP efficiencies.

6.1.7 Annualized Agricultural Nonpoint Source Pollution Model (AnnAGNPS)

The Agricultural Nonpoint Source Pollution Model (AGNPS) is a joint USDA-Agricultural Research
Service and -Natural Resources Conservation Service system of computer models developed to predict
nonpoint source pollutant loadings within agricultural watersheds. AnnAGNPS is one component (or
module) of AGNPS and is a watershed-scale, continuous simulation model that operates on a daily time
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step and is designed to predict the impact of management on water, sediment, nutrients, and pesticides in
agricultural watersheds. The sheet and rill erosion model internal to AnnAGNPS is based upon RUSLE,
with additional routines added to allow for continuous simulation and more detailed consideration of
sediment delivery.

ANnAGNPS was originally developed for use in agricultural watersheds, but has been adapted to allow
consideration of construction sources. ANNAGNPS provides more spatial detail than GWLF and is
therefore more rigorous in calculating the delivery of eroded sediment to the receiving water. This
additional computational ability carries with it the cost of requiring more detailed information describing
the topography of the watershed, as well as requiring more time to set up and apply the model.

6.1.8 Hydrologic Simulation Program — FORTRAN (HSPF)

The Hydrologic Simulation Program — FORTRAN (HSPF) uses continuous rainfall and other
meteorologic records to compute stream flow hydrographs and pollutographs. HSPF is well suited for
mixed-use (i.e., containing both urban and rural land uses) watersheds, as it contains separate sediment
routines for pervious and impervious surfaces. HSPF is an integrated watershed/stream/reservoir model,
and simulates sediment routing and deposition for different classes of particle size. HSPF was integrated
with a geographical information system (GIS) environment with the development of Better Assessment
Science Integrating point and Nonpoint Sources (BASINS). Although BASINS was designed as a
multipurpose analysis tool to promote the integration of point and nonpoint sources in watershed and
water quality-based applications, it also includes a suite of water quality models. One such model is
Nonpoint Source Model (NPSM), a simplified version of HSPF that is linked with a graphical user
interface within the GIS environment of BASINS.

HSPF provides a more detailed description of urban areas than AnnAGNPS and contains direct linkage to
a receiving water model. This additional computational ability carries with it the cost of requiring more
detailed model inputs, as well as requiring more time to set up and apply the model. The BASINS software
can automatically incorporate existing environmental databases (e.g., land use, water quality data) into
HSPF, although it is important to verify the accuracy of these sources before using them in the model.

6.1.9 Storm Water Management Model (SWMM)

The Storm Water Management Model (SWMM) is a comprehensive computer model for analysis of
guantity and quality problems associated with urban runoff. SWMM is designed to be able to describe
both single events and continuous simulation over longer periods of time. SWMM is commonly used to
simulate urban hydraulics, although its sediment transport capabilities are not as robust as some of the
other models described here.

6.1.10 Soil & Water Assessment Tool (SWAT)

The Soil & Water Assessment Tool (SWAT) is a basin-scale, continuous-time model designed for
agricultural watersheds. It operates on a daily time step. Sediment yield is calculated with the Modified
Universal Soil Loss Equation. It contains a sediment routing model that considers deposition and channel
erosion for various sediment particle sizes. SWAT is also contained as part of EPA’s BASINS software.
SWAT is a continuous time model (i.e., a long-term yield model). The model is not designed to simulate
detailed, single-event flood routing. SWAT was originally developed strictly for application to agricultural
watersheds, but it has been modified to include consideration of urban areas and can be used in mixed-
use watersheds.
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6.2 Candidate Water Quality Methodologies and Modeling Frameworks

Watershed methods estimate pollutant loads that must be used to estimate water quality effects, or
concentrations. Numerous methodologies exist to characterize the relationship between watershed loads
and water quality for TMDL (or LRS) development. These include:

e Customized or Spreadsheet Approaches
e EUTROMOD

e BATHTUB

e QUAL-2E/QUAL-2K

o WASP7

e CE-QUAL-RIV1

e HSPF

e CE-QUAL-W2

e EFDC

This section describes each of the methodologies and their suitability for defining water quality for TMDL
or LRS development. Table 18 summarizes some important characteristics of each of the models relative
to TMDL and LRS application.
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Table 18. Summary of Potentially Applicable Models for Estimating Water Quality

readsheet . :
Spreadshee Steady . DO, nutrients, | Screening-level
approaches/ Load River or lake| 0-or 1-D Low
) State algae, metals assessments
duration curve
EUTROMOD Steady Lake 0-D Low DO, nutrients, | Screening-level
State algae assessments
Screening-level
. assessments; can
BATHTUB Steady Lake 1-D Moderate DO, nutrients, provide more refined
State algae .
assessments if
supporting data exist
. Low flow assessments
QUAL2E/ QUAL2K Steady River 1-D Modgrate/ Do, nutrlentg, of conventional
State High algae, bacteria
pollutants
. Excellent water quality
WASP7 Dynamic | River or lake D103 High DO, nutrients, capability; simple
D metals, organics .
hydraulics
DO. nutrients Conventional pollutants
CE-QUAL-RIV1 Dynamic River 1-D High ’ " | inhydraulically complex
algae .
rivers
DO, nutrients, \é\gd:briﬁt?gs zfirectl
HSPF Dynamic | River or lake 1-D High  |metals, organics,| . P : y
: linked to watershed
bacteria
model
. 2-D : DO, nutrients Conventional pollutants
E-QUAL-W2 Dynam Lak . High ’ o .
CEQU ynamic axe vertical 9 algae, metals in stratified lakes
DO, nutrients, | Potentially applicable to
EFDC Dynamic | River or lake 3-D High  |metals, organics,| all sites, if sufficient
bacteria data exist

6.2.1 Spreadsheet Approaches

A wide range of simple methods are available to describe the relationship between pollutant loads and
receiving water quality, for a variety of situations including rivers and lakes. Many such methods are
documented in Mills et al. (1985). These approaches do not require specific computer software, and are
designed to be implemented on a spreadsheet. These approaches have the benefit of relatively low data
requirements, as well as being easy to apply. Because of their simplistic nature, these approaches are best
considered as screening procedures. They provide good initial estimates of the primary cause-effect

relationships.
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The load duration curve approach is foremost among the spreadsheet approaches and is widely used for
TMDL development. The approach uses measurements of stream flow and pollutant concentrations for
the period of record to gain insight into the flow conditions under which exceedances of the water quality
standard occur. A load-duration curve is developed by: 1) ranking the daily flow data from lowest to
highest, calculating the percent of days these flows were exceeded, and graphing the results in what is
called a flow duration curve; 2) translating the flow duration curve into a load duration curve by
multiplying the flows by the water quality standard; and 3) plotting observed pollutant loads (measured
concentrations times stream flow) on the same graph. Observed loads that fall above the load duration
curve exceed the maximum allowable load, while those that fall on or below the line do not exceed the
maximum allowable load. An analysis of the observed loads relative to the load duration curve provides
information on whether the pollutant source is point or nonpoint in nature.

6.2.2 EUTROMOD

EUTROMOD is a spreadsheet-based modeling procedure for estimating phosphorus loading and
associated lake trophic state variables, distributed by the North American Lake Management Society
(Reckhow 1990). The modeling system first estimates phosphorus loads derived from watershed land
uses or inflow data using approaches developed by Reckhow et al. (1980) and Reckhow and Simpson
(1980). The model accounts for both point and nonpoint source loads. Statistical algorithms are based on
regression analyses performed on cross-sectional lake data. These algorithms predict in-lake phosphorus,
nitrogen, hypolimnetic dissolved oxygen, chlorophyll, and trihalomethane precursor concentrations, and
transparency (Secchi depth). The model also estimates the likelihood of blue-green bacteria dominance in
the lake. Lake morphometry and hydrologic characteristics are incorporated in these algorithms.
EUTROMOD also has algorithms for estimating uncertainty associated with the trophic state variables
and hydrologic variability and estimating the confidence interval about the most likely values for the
various trophic state indicators.

6.2.3 BATHTUB

BATHTUB is a software program for estimating nutrient loading to lakes and reservoirs, summarizing
information on in-lake water quality data, and predicting the lake/reservoir response to nutrient loading
(Walker 1986). It was developed and is distributed by the U.S. Army Corps of Engineers. BATHTUB
consists of three modules: FLUX, PROFILE, and BATHTUB (Walker 1986). The FLUX module estimates
nutrient loads or fluxes to the lake/reservoir and provides five different algorithms for estimating these
nutrient loads based on the correlation of concentration and flow. In addition, the potential errors in
loading estimates are quantified. PROFILE is an analysis module that permits the user to display lake
water quality data. PROFILE algorithms can be used to estimate hypolimnetic oxygen depletion rates,
area-weighted or mixed layer average constituent concentrations, and similar trophic state indicators.
BATHTUB is the module that predicts lake/reservoir responses to nutrient fluxes. Because reservoir
ecosystems typically have different characteristics than many natural lakes, BATHTUB was developed to
specifically account for some of these differences, including the effects of non-algal turbidity on
transparency and algae responses to phosphorus.

BATHTUB contains a number of regression equations that have been calibrated using a wide range of lake
and reservoir data sets. It can treat the lake or reservoir as a continuously stirred, mixed reactor, or it can
predict longitudinal gradients in trophic state variables in a reservoir or narrow lake. These trophic state
variables include in-lake total and ortho-phosphorus, organic nitrogen, hypolimnetic dissolved oxygen,
metalimnetic dissolved oxygen, chlorophyll concentrations, and Secchi depth (transparency). Uncertainty
estimates are provided with predicted trophic state variables. There are several options for estimating
uncertainty based on the distribution of the input and in-lake data. Both tabular and graphical displays
are available from the program.
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6.2.4 QUAL2E/QUAL2K

QUALZ2K is a one-dimensional water quality model that assumes steady-state flow, but allows simulation
of diurnal variations in dissolved oxygen and temperature. It is supported by the U.S. EPA and simulates
many state variables, including temperature, dissolved oxygen, biochemical oxygen demand, ammonia,
nitrate, organic nitrogen, inorganic phosphorus, organic phosphorus, algae, and conservative and non-
conservative substances. The predecessor to QUAL2K, called QUALZ2E, is also available and has been
successfully applied in the development of many Illinois TMDLs, but is no longer officially supported by
EPA.

The primary advantages of using QUAL2K (and QUALZ2E) include its widespread use and acceptance, and
ability to simulate all of the conventional pollutants of concern. Its disadvantage is that it is restricted to
one-dimensional, steady-state analyses.

6.2.5 WASP7

WASP7 is EPA’s general-purpose surface water quality modeling system. It is also supported by the U.S.
EPA. The model can be applied in one, two, or three dimensions and is designed for linkage with the
hydrodynamic model DYNHYD5. WASP7 has also been successfully linked with other one, two, and three
dimensional hydrodynamic models such as RIVMOD, RMA-2V and EFDC. WASP7 can also accept user-
specified advective and dispersive flows. WASP7 provides separate submodels for conventional and toxic
pollutants. The EUTRO7 submodel describes up to eight state variables in the water column and bed
sediments: dissolved oxygen, biochemical oxygen demand, ammonia, nitrate, organic nitrogen,
orthophosphate, organic phosphorus, and phytoplankton. The TOXI7 submodel simulates the
transformation of up to three different chemicals and three different solids classes.

The primary advantage of using WASP?7 is that it provides the flexibility to describe almost any water
quality constituent of concern, along with its widespread use and acceptance. Its primary disadvantage is
that it contains limited hydrodynamic capabilities and must often obtain hydrodynamic results from other
models.

6.2.6 CE-QUAL-RIV1

CE-QUAL-RIV1 is a linked hydrodynamic-water quality model, supported by the U.S. Army Corps of
Engineers Waterways Experiment Station (WES) in Vicksburg, Mississippi. Water quality state variables
consist of temperature, dissolved oxygen, carbonaceous biochemical oxygen demand, ammonia, nitrate,
organic nitrogen, orthophosphate, coliform bacteria, dissolved iron, and dissolved manganese. The
effects of algae and macrophytes can also be included as external forcing functions specified by the user.

The primary advantage of CE-QUAL-RIV1 is its direct link to an efficient hydrodynamic model. This
makes it especially suitable to describe river systems affected by dams or experiencing extremely rapid
changes in flow. Its primary disadvantage is that it simulates conventional pollutants only, and contains
limited eutrophication kinetics. In addition, the effort and data required to support the CE-QUAL-RIV1
hydrodynamic routines may not be necessary in naturally flowing rivers.

6.2.7 HSPF

HSPF is a one-dimensional modeling system for simulation not only of watershed hydrology and
pollutant source loadings, but receiving water quality. It is also supported by the U.S. EPA. The water
guality component of HSPF allows dynamic simulation of both conventional pollutants (i.e., dissolved
oxygen, nutrients, and phytoplankton) and toxics. The toxics routines combine organic chemical process
kinetics with sediment balance algorithms to predict dissolved and sorbed chemical concentrations in the
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upper sediment bed and overlying water column. HSPF is also linked into EPA’s BASINS modeling
system.

The primary advantage of HSPF is that it exists as part of a linked watershed/receiving water modeling
package. Nonpoint source loading and hydrodynamic results are automatically linked to the HSPF water
guality submodel, such that no external linkages need be developed.

6.2.8 CE-QUAL-W2

CE-QUAL-W2 is a linked hydrodynamic-water quality model, supported by the U.S. Army Corps of
Engineers Waterways Experiment Station (WES) in Vicksburg, Mississippi. CE-QUAL-W?2 simulates
variations in water quality in the longitudinal and lateral directions, and was developed to address water
quality issues in long, narrow reservoirs. Water quality state variables consist of temperature, algae,
dissolved oxygen, carbonaceous biochemical oxygen demand, ammonia, nitrate, organic nitrogen,
orthophosphate, coliform bacteria, and dissolved iron.

The primary advantage of CE-QUAL-W?2 is the ability to simulate the onset and breakdown of vertical
temperature stratification and resulting water quality impacts. It will be the most appropriate model for
those cases where these vertical variations are an important water quality consideration. In unstratified
systems, the effort and data required to support the CE-QUAL-W?2 hydrodynamic routines may not be
necessary.

6.2.9 EFDC

EFDC (Environmental Fluid Dynamics Code) is a three-dimensional hydrodynamic and water quality
model supported by the U. S. EPA Ecosystems Research Division. EFDC simulates variations in water
quality in the longitudinal, lateral and vertical directions, and was developed to address water quality
issues in rivers, lakes, reservoirs, wetland systems, estuaries, and the coastal ocean. EFDC transports
salinity, heat, cohesive or non-cohesive sediments, and toxic contaminants that can be described by
equilibrium partitioning between the aqueous and solid phases. Unique features of EFDC are its ability to
simulate wetting and drying cycles, and that it includes a near field mixing zone model that is fully
coupled with a far-field transport of salinity, temperature, sediment, contaminant, and eutrophication
variables. It also contains hydraulic structure representation, vegetative resistance, and Lagrangian
particle tracking. EFDC accepts radiation stress fields from wave refraction-diffraction models, thus
allowing the simulation of longshore currents and sediment transport.

The primary advantage of EFDC is the ability to combine three-dimensional hydrodynamic simulation
with a wide range of water quality modeling capabilities in a single model. The primary disadvantages are
that data needs and computational requirements can be extremely high.

6.3 Model Recommendations

This section recommends model approaches to developing the TMDLSs and LRSs in the Upper Big Muddy
watershed. Three factors are being considered when selecting an appropriate model for TMDL or
development:

Management objectives: Management objectives define the specific purpose of the model, including the
pollutant of concern, the water quality objective, the space and time scales of interest, and required level
or precision/accuracy.

Auvailable resources: The resources available to support the modeling effort include data, time, and level of
modeling effort.
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Site-specific characteristics: Site-specific characteristics include the land use activity in the watershed,
type of water body (e.g. lake vs. stream), important transport and transformation processes, and
environmental conditions.

Model selection must be balanced between competing demands. Management objectives typically call for
a high degree of model reliability, although available resources are generally insufficient to provide the
degree of reliability desired. Decisions are often required regarding whether to proceed with a higher-
than-desired level of uncertainty, or to postpone modeling until additional resources can be obtained.
There are no simple answers to these questions, and the decisions are often made using best professional
judgment.

The required level of reliability for this modeling effort is one able to “support development of a credible
TMDL” and “support development of a reasonable, assurable LRS.” The amount of reliability required to
develop a credible TMDL depends also on the degree of implementation to be included in the TMDL. The
approach to be taken here also considers the models’ ability to provide recommendations which
correspond to the level of detail required to be eligible for 319 funding.

6.3.1 Big Muddy R. / IL_N-06

This stream segment requires a LRS for sedimentation/siltation. Recent land use and soils data are
available for the 33,174-acre watershed area located immediately downstream of Rend Lake Dam. It is
mostly rural, but about half of the City of Benton drains into IL_N-06. We recommend that one of the
USLE-based techniques be used for developing the LRS for sedimentation/siltation. As an alternative
method, possibly one with diminished stakeholder acceptance, Simple Method/UAL techniques could be
used.

6.3.2 Big Muddy R. / IL_N-11

This stream segment requires TMDLs for sulfates and fecal coliform bacteria, and a LRS for
sedimentation/siltation and TSS. The drainage area is much larger at this point as the Middle Fork Big
Muddy, Willis Creek and Ewing Creek join the Big Muddy in this segment. There is a realtime stream
gaging station in this segment as well (05597000 Big Muddy River at Plumfield, IL). We recommend that
one of the USLE-based techniques be used for developing the LRS for sedimentation/siltation and TSS.
Alternatively, Simple Method/UAL techniques could be used but may be met with diminished stakeholder
acceptance.

6.3.3 Big Muddy R. / IL_N-17

This stream segment requires a TMDL for dissolved oxygen and a LRS for sedimentation/siltation and
TSS. This segment is at the downstream end of the Upper Big Muddy watershed and will require
substantial effort to integrate all upstream point and nonpoint sources for oxygen demanding materials as
well as sediment loads. We recommend a 1-dimensional fate and transport model such as
QUALZ2E/QUALZ2K or WASP7 for modeling dissolved oxygen and development of the TMDL for DO. We
recommend that one of the USLE-based techniques for developing the LRS for sedimentation/siltation
and TSS. Alternatively, Simple Method/UAL techniques may be used, but as indicated earlier, may be met
with diminished stakeholder acceptance.

6.3.4 Hurricane Creek / IL_NF-01

Hurricane Creek, IL_NF-01, requires a LRS for sedimentation/siltation. The town of Herrin is in this
watershed, as are three NPDES point sources. We recommend that one of the USLE-based techniques for
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developing the LRS for sedimentation/siltation. Alternatively, Simple Method/UAL techniques may be
used but possibly with diminished stakeholder acceptance.

6.3.5 Prairie Cr. / IL_NZM-01

Prairie Creek, segment IL_NZM-01, is recommended for delisting due to the sulfate concentrations not
exceeding the standard of 2,000 mg/L.

6.3.6 Andy Cr. / IL_NZN-13

Andy Cr. / IL_NZN-13 requires TMDLs for iron and dissolved oxygen. Practically the entire subwatershed
has been mined (subterranean) for coal. There is a scarcity of water quality data for Andy Creek and
tributaries; no data more recent than 2008 are available. We recommend QUAL2E/QUALZ2K or WASP7
for modeling dissolved oxygen and development of the TMDL for DO. The model can be modified to
include iron for development of that TMDL.

6.3.7 Herrin Old / IL_RNZD

Herrin Old Lake requires a TMDL for total phosphorus and a LRS for TSS. Unfortunately, there is a single
phosphorus measurement in our database. Additional water quality data will be required to confirm
impairment and to prepare a TMDL. We recommend that a spreadsheet approach, exemplified by
EUTROMOD, be taken for development of the TMDL. We recommend that one of the USLE-based
techniques be used for developing the LRS for TSS. Alternatively, Simple Method/UAL techniques could
be used but may be met with diminished stakeholder acceptance.

6.3.8 Pond Cr. / IL_NG-02

Pond Cr. / IL_NG-02 requires TMDLs for chloride and dissolved oxygen and a LRS for
sedimentation/siltation. Surface (strip) mining and underground mining has occurred (and underground
mining continues) in this watershed. There are numerous NPDES discharges in the watershed, some are
sanitary treatment facilities, but most are mine-related discharges. The water quality dataset is somewhat
dated, with no data more recent than 2007. We recommend QUAL2E/QUAL2K or WASP7 for modeling
dissolved oxygen and development of the TMDL for DO. We recommend a load duration curve approach
to the chloride TMDL, but if it is determined that the data do not vary sufficiently over the range of
reasonable hydrologic events, the DO model can be modified to include chloride. We recommend that one
of the USLE-based techniques be used for developing the LRS for sedimentation/siltation. Alternatively,
Simple Method/UAL techniques could be used but may be met with diminished stakeholder acceptance.

6.3.9 Lake Cr. / IL_NGA-02

Lake Cr. / IL_NGA-02 requires a TMDL for dissolved oxygen and a LRS for total phosphorus. Johnston
City is located in this drainage area, and the town’s wastewater treatment facility discharges to Lake Creek
by Route 37, just south of town. Two impaired lakes (Johnston City, IL_RNZE and Arrowhead,

IL_RNZX) and one impaired stream segment (Beaver Creek, IL_NGAZ-JC-D1) are tributary to Lake
Creek as well. The two lakes require TMDLs for phosphorus as well. The water quality dataset is
somewhat old; there are no data more recent than 2008. As with other streams with DO-impairments, we
recommend QUAL2E/QUAL2K or WASP7 for modeling dissolved oxygen and development of the TMDL.
The phosphorus LRS can be developed using the Simple Method/UAL techniques.
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6.3.10 Beaver Cr. / IL_NGAZ-JC-D1

Beaver Cr. / IL_NGAZ-JC-D1 is a short (1.7 miles) stream segment requiring a TMDL for manganese. The
stream is located just south of Johnston City. We have a single measurement of manganese from 2008. In
our opinion, this is insufficient information for confirming impairment or for development of a TMDL.
Additional data will be required for construction of a load duration curve and development of the TMDL.

6.3.11 Johnston City / IL_RNZE

Johnston City Lake / IL_RNZE is an impoundment of Lake Creek; it is just east of Freeman No. 4 Mine.
The lake requires a TMDL for total phosphorus and a LRS for TSS. The most recent water quality data is
from 2002. We recommend that a spreadsheet approach, as exemplified by EUTROMOD, be taken for
development of the TMDL. We recommend that one of the USLE-based techniques be used for developing
the LRS for TSS. Alternatively, Simple Method/UAL techniques could be used but may be met with
diminished stakeholder acceptance.

6.3.12 Arrowhead (Williamson) / IL_RNZX

Arrowhead Lake (Williamson) / IL_RNzX is located just northeast of Johnston City, near Shakerag, IL.
Arrowhead requires a TMDL for total phosphorus. We recommend that a spreadsheet approach, as
exemplified by EUTROMOD, be taken for development of the TMDL.

6.3.13 M. Fk. Big Muddy / IL_NH-06

Middle Fork Big Muddy River/ IL_NH-06 is an impaired stream that requires TMDLs for fecal coliform
bacteria and dissolved oxygen. The City of Benton in the west central portion of this watershed, but the
City’s wastewater treatment facility drains to segment IL_N-06. We recommend QUAL2E/QUALZ2K or
WASP7 for modeling dissolved oxygen and development of the TMDL in this segment, in conjunction
with the upstream segment, IL_NH-07.

6.3.14 M. Fk. Big Muddy / IL_NH-07

Segment IL_NH-07 is the headwater of the Middle Fork Big Muddy River. IL_NH-07 is an impaired
stream that requires a TMDL for dissolved oxygen and a LRS for sedimentation/siltation. We recommend
the TMDL be developed in conjunction with the downstream segment IL_NH-06 using
QUALZ2E/QUAL2K or WASP7. We recommend that one of the USLE-based techniques be used for
developing the LRS for TSS. Alternatively, Simple Method/UAL techniques could be used but may be met
with diminished stakeholder acceptance.

6.3.15 West Frankfort Old / IL_RNP

West Frankfort Old / IL_RNP requires a TMDL for total phosphorus and a LRS for TSS. The most recent
water quality data is from 2011. We recommend that a spreadsheet approach, as exemplified by
EUTROMOD, be taken for development of the TMDL. We recommend that one of the USLE-based
techniques be used for developing the LRS for TSS. Alternatively, Simple Method/UAL techniques could
be used but may be met with diminished stakeholder acceptance.

6.3.16 West Frankfort New/ IL_RNQ

West Frankfort New/ IL_RNQ requires a TMDL for total phosphorus and a LRS for TSS. The most recent
water quality data is from 2011. We recommend that a spreadsheet approach, as exemplified by
EUTROMOD, be taken for development of the TMDL. We recommend that one of the USLE-based
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techniques be used for developing the LRS for TSS. Alternatively, Simple Method/UAL techniques could
be used but may be met with diminished stakeholder acceptance.
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Table 19. Summary of Recommendations for Developing TMDLs in Upper Big Muddy Watershed

Big Muddy R. IL_N-06

Sedimentation/siltation

Simple Method/UAL

34,111 acre watershed

Sulfates Load duration curve
Big Muddy R. IL_N-11 Fecal coliform bacteria Load duration curve 192,432 watershed acres
Sedimentation/siltation, TSS Simple Method/UAL
, Dissolved oxygen QUAL2E/QUAL2K or WASP7 | 21.47 stream miles
Big Muddy R. / IL_N-17 , —— ,
Sedimentation/siltation, TSS Simple Method/UAL
Hurr:Ea;T:_(E‘)rleek/ Sedimentation/siltation Simple Method/UAL 14,981 watershed acres
Prairie Cr. / IL_NZM-01 Sufate Delist
Iron Load duration curve 13,054 watershed acres
Andy Cr. /IL_NZN-13 : ,
Dissolved oxygen QUAL2E/QUAL2K or WASP7 | 11.68 stream miles

Herrin Old / IL_RNZD

Total phosphorus

Lake response model
(spreadsheet approach)

51 lake acres

TSS Simple Method/UAL 1,609 watershed acres
Dissolved oxygen QUAL2E/QUAL2K or WASP7 | 23.5 stream miles
Pond Cr. / IL_NG-02 Chloride Load duration curve
, —— , 63,927 watershed acres
Sedimentation/siltation Simple Method/UAL
Total phosphorus Simple Method/UAL 21,785 watershed acres
Lake Cr./IL_NGA-02 - -
- Dissolved oxygen QUAL2E/QUAL2K or WASP7 | 12.3 stream miles

Beaver Cr./IL_NGAZ-

TSS

Simple Method/UAL

JC-D1 Manganese Load duration curve 394 watershed acres
) Lake response model
JOTCSES Z(I:Eny/ Total phosphorus (spreadsheet approach) 64 lake acres

2,408 watershed acres

Arrowhead (Williamson)

Total phosphorus

Lake response model

481 watershed acres

['IL_RNZX (spreadsheet approach)
M. Fk. Big Muddy / Fecal coliform bacteria Load duration curve 102,792 watershed acres
IL_NH-06 Dissolved oxygen QUAL2E/QUAL2K or WASP7 | 12.5 stream miles
M. Fk. Big Muddy / Dissolved oxygen QUAL2E/QUAL2K or WASP7 | 19.7 stream miles
IL_NH-07 Sedimentation/siltation Simple Method/UAL 68,690 watershed acres
Lake response model
West Frankfort Old / Total phosphorus (spreadsheet approach) 146 lake acres
IL_RNP ,
B TSS Simple Method/UAL 2,461 watershed acres
Lake response model
West T[ar;zk::gt New/ Total phosphorus (spreadsheet approach) 214 lake acres

TSS

Simple Method/UAL

4,959 watershed acres
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7 Data Collection to Support Modeling

Additional data are required to support development of the TMDLs in the Upper Big Muddy watershed.
Physical and chemical data are required for model development, calibration and verification.

7.1 Water Quality Data Collection

Table 20 provides the details for recommended Stage 2 water quality sampling for the Upper Big Muddy
TMDLs. There are five types of sampling sites:

1. Legacy (IEPA) monitoring sites

2. Effluents of wastewater treatment plants

3. Stream quality sites intended to characterize other loads or pollutant assimilation
4

Discretionary sites that might be utilized in conjunction with, or, in lieu of one or more stream
quality sites

Data on biochemical oxygen demand (BOD), sediment oxygen demand (SOD), water temperature,
dissolved oxygen, manganese, iron, chloride, nitrogen, phosphorus, and fecal coliform bacteria are
recommended to be collected during Stage 2.

7.1.1 BOD Data

Dissolved oxygen models require, among other parameters, estimates of biochemical oxygen demand
(BOD). BOD is an indicator of the concentrations of organic waste and microorganisms in a sample of
water. Because microorganisms require oxygen for respiration, their numbers, and thus the concentration
of dead organic matter metabolized by the bacteria, can be gaged by measuring the consumption of
oxygen. A standardized measure of BOD, performed in a controlled environment, is used in many water
guality models to estimate removal of DO in the system.

The IEPA does not always collect BOD data during their stream assessment efforts. And hence, there are
limited estimates of BOD in streams in the available dataset. BOD data are available for many of the
wastewater treatment plant effluent loads and the Discharge Monitoring Reports containing those data
are available.

Stream BOD measurements should be made during low flow periods, when the DO deficits typically
occur.

7.1.2 SOD Data

SOD, or sediment oxygen demand, is the sum of biological and chemical processes in sediment that utilize
oxygen, or that distinct portion of oxygen removal that occurs benthically, by sediment respiration. Field
measurement of SOD involves confining sediment and overlying water and measuring the depletion of
dissolved oxygen over time. A single measurement of SOD is recommended, and together with literature
values of SOD and the QUALZ2K SOD subroutine, we can develop reasonable estimates of SOD rates in the
Big Muddy River system.
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7.1.3 Dissolved Oxygen and Temperature

Dissolved oxygen (DO) and water temperature are also required for development and verification of the
QUALZ2K model. These measures can be collected fairly rapidly at numerous locations using field meters.
These measurements should be made during summer, when low flow and high temperatures can lead to
high DO deficits in streams. Depending on the specific flow and temperature conditions present during
the actual field data collection, a diurnal DO survey can also be included in Stage 2. A diurnal, around the
clock, DO survey would provide data on nighttime DO minima (worse-case conditions) and daytime
maxima and insight into aquatic respiration and nutrient assimilation in the stream.

7.1.4 Nitrogen, Phosphorus

Ammonia oxidation can be a significant sink for DO in streams receiving treated wastewater effluent.
Therefore, we have included measurements of ammonia nitrogen and nitrate+nitrite nitrogen in the field
data collection plan. This information will improve the calibration of the QUAL2K model. However,
collection of nitrate+nitrite nitrogen data is optional, and left to the discretion of the Agency.

Total phosphorus TMDLs are required for all five listed lakes; four of these lakes have insufficient data for
development of the TMDLs.
7.1.5 Fecal Coliform Bacteria, Iron, Manganese, Chloride

Use of the load duration analysis for development of TMDLs requires additional concentration
measurements of fecal coliform bacteria, iron, manganese and chloride. Multiple measurements should
be made over a range of hydrologic conditions. For planning purposes, we recommend at least five
sampling events at each station. Additional data on fecal coliform bacteria will also refine assumptions
regarding source assessments and improve the confidence for the TMDL and the implementation plan.

7.2 Hydraulic Data Collection

Additional hydraulic and geomorphologic data collection is necessary to build and calibrate the QUAL2
models. Field data that need to be assembled include the following characteristics (at selected locations):

e Channel roughness

e Channel bottom width and side slopes
e Average depth

o Slope, velocity and/or time of travel

e Discharge

7.3 Summary of Stage 2 Activities

Table 20 summarizes our recommendations for filling data gaps necessary for development of the TMDLs
and LRSs. A boat will be required for the lower portions of the Big Muddy River due to its depth.

Collecting data for prepare those TMDLs using the load duration approach are useful only if collected over
a range of hydrologic conditions (low flow, base flow, high flow). This is not always possible during a field
season because of the unpredictability of droughts and floods.
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Table 20. Summary of Stage 2 Recommendations

Big Muddy R. IL_N-06

Sedimentation/siltation

none

January 31, 2014

Big Muddy R. IL_N-11

Sulfates

none

Fecal coliform bacteria

Fecal coliform concentration

Sedimentation/siltation, TSS

none

Willis Creek (NZX-CH-C3), Big Muddy
(N-11), Mid Fk Big Muddy (NH-28),
Ewing Cr (NHB-34), other locations

Big Muddy R. / IL_N-17

Dissolved oxygen

Hydraulic data, DO, temp,
BOD, SOD, NH3-N

21.47 stream miles, hydraulic survey,
water quality at Big Muddy (N-17, N-
18, N-19) plus tributaries and point
sources

Sedimentation/siltation, TSS

TSS

TSS in Big Muddy R (N-17, N-18, N-
19) plus tributaries

Hurricane Creek /
IL_NF-01

Sedimentation/siltation

none

14,981 watershed acres

Andy Cr./IL_NZN-13

Iron

Iron concentrations

Andy Cr (NZN-13) over a range of
hydrologic conditions

Dissolved oxygen

Hydraulic data, DO, temp,
BOD, SOD, NH3-N

11.68 stream miles, hydraulic survey,
water quality at NZN-13, NZNZ-12,
confl Andy Cr w/ Big Muddy R

Herrin Old / IL_RNZD

Total phosphorus

TP concentrations

RNZD-1, RNZD-2, RNZD-3 during
summer stratification

TSS

none

Pond Cr. / IL_NG-02

Dissolved oxygen

Hydraulic data, DO, temp,
BOD, SOD, NH3-N

23.5 stream miles, hydraulic survey,
water quality at NG-01, NG-03, NG-02,
NGA-01, NG-05

Water quality over a range of

Lake Cr./IL_NGA-02

Chloride Cl concentrations hydrologic conditions at NG-02, NG-05
Sedimentation/siltation none
Total phosphorus none

Dissolved oxygen

Hydraulic data, DO, temp,
BOD, SOD, NH3-N

12.3 stream miles, hydraulic survey,
water quality at NGA_01, NGA-02,
NGAZ-JC-D1, d/s STP outfall

Beaver Cr./IL_NGAZ-

NGAZ-JC-D1 over a range of

/IL_RNZX

JC-D1 Manganese Mn concentrations hydrologic conditions
] ) RNZE-1, RNZE-2, RNZE-3 during
Johnston City / Total phosphorus TP concentrations summer stratification
IL_RNZE
- TSS none
Arrowh Willi
rrowhead (Williamson) Total phosphorus none

M. Fk. Big Muddy /
IL_NH-06

Fecal coliform bacteria

Fecal coliform concentrations

NH-06 over a range of hydrologic
conditions

Dissolved oxygen

Hydraulic data, DO, temp,
BOD, SOD, NH3-N

12.5 stream miles, hydraulic survey,
water quality at NH-08, NH-21, NH-07

M. Fk. Big Muddy /

IL_NH-07

Dissolved oxygen

Hydraulic data, DO, temp,
BOD, SOD, NH3-N

19.7 stream miles, hydraulic survey,
water quality at NH-23, NH-24, NH-06
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Sedimentation/siltation none
. RNP-1, RNP-2, RNP-3 during summer
West Frankfort Old / Total phosphorus TP concentrations siratification
IL_RNP
- TSS none
. RNQ-1, RNQ-2, RNQ-3 during
West Frankfort New/ Total phosphorus TP concentrations summer stratification
IL_RNQ
TSS none
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Appendix A. Data Sources and Local Contacts

Table A-1. Data sources

Climate
summaries

Illinois State Water Survey

http://www.sws.uiuc.edu/atmos/statecli/index.htm

Daily hydrology
data

US Geological Survey

http://waterdata.usgs.gov/nwis/

(shapefiles)

Soils data USDA Natural Resources http://soildatamart.nrcs.usda.gov/
Conservation Service
Mines Illinois State Geological Survey http://www.isgs.uiuc.edu/maps-data-pub/coal-

maps/shapefiles/

Sample stations -

lllinois Environmental Protection

Email from staff

- statewide Agency
Lake polygons -- | lllinois Environmental Protection Email from staff
statewide Agency

Location points

Illinois Natural Resources Geospatial

http://www.isgs.uiuc.edu/nsdihome/webdocs/s

streams and
lakes (shapefiles)

Agency

from wells and Data Clearinghouse t-geolb.html
borings database
Assessed Illinois Environmental Protection Email from staff

Revised cropland
data layer (CDL)

Illinois Natural Resources Geospatial
Data Clearinghouse

http://www.isgs.uiuc.edu/nsdihome/webdocs/I

andcover/nass07.html

Livestock census | National Agricultural Statistics http://www.nass.usda.gov/Data_and_ Statistics/
Service, US Department of index.asp
Agriculture

NPDES data Illinois EPA Provided to LTI via e-mail
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Table A-2. State and Local Contacts

Margaret Fertaly Illinois EPA (618) 993-7200 Introduction, watershed visit,
project management

Diane Wallace, Chris Mitchell | NRCS - Benton (618) 438-4021 Introduction, watershed
discussions

Rhonda Cox, Scott Martin, NRCS/SWCD - (618) 684-3064 Introduction, watershed

Linda Presler Murphysboro discussions

Mindy Scott NRCS - Marion (618) 993-5396 Introduction, watershed
discussions

David Muir Illinois EPA (618) 993-7200 303(d) listing methodologies,
pollutant data

Joe Stitely Illinois EPA (618) 993-7200 CAFOs

Sarah Seelbach Illinois EPA Public participation

Abel Haile Illinois EPA TMDL program management
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Appendix B.1 Precipitation

Year Month
1913
1913
1913
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1913 Total
1913 Winter
1913 Spring
1913 Summer
1913 Fall
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1.5
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1.8
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0.35
2.68
2.04
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2.7
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0.5
1.06
1.38
2.7
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Year Month
1915 Winter
1915 Spring
1915 Summer
1915 Fall
1916
1916
1916
1916
1916
1916
1916
1916
1916
1916
1916
1916
1916 Total
1916 Winter
1916 Spring
1916 Summer
1916 Fall
1917
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1917
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1917 Spring
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Year Month
1918 10
1918 11
1918 12
1918 Total
1918 Winter
1918 Spring
1918 Summer
1918 Fall
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1919 Total
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Year Month
1921
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1921

1921

1921 10
1921 11
1921 12
1921 Total
1921 Winter
1921 Spring
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Year Month
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Year Month
1926 Spring
1926 Summer
1926 Fall
1927
1927
1927
1927
1927
1927
1927
1927
1927
1927
1927
1927
1927 Total
1927 Winter
1927 Spring
1927 Summer
1927 Fall
1928
1928
1928
1928
1928
1928
1928
1928
1928
1928
1928
1928
1928 Total
1928 Winter
1928 Spring
1928 Summer
1928 Fall
1929
1929
1929
1929
1929
1929
1929
1929
1929
1929
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8.16
15.09
5.87
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6.26
10.44
7.55
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3.49
2.06
4.14
2.33
0
5.38
52.55
8.57
24.25
9.84
0
1.6
2.35
1.33
2.87
1.46
9.79
3.01
5.97
0.58
5.64
3.5
2.58
40.68
9.15
5.66
18.77
9.72
5.42
2.45
2.36
3.43
7.08
5.02
2.52
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1.47
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0.22
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2
1.35
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1.66
1.68
2.04
1.66
0
3.44
3.44
1.35
2.14
2.9
2.04
0.54
1.08
0.77
1.5
0.44
2
1.74
1.97
0.5
1.8
0.94
0.98
2
3.44
1.5
2
1.8
2
1.46
0.84
1.5
1.09
1.13
0.95
1.02
1.22
0.48
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Year Month
1929 11
1929 12
1929 Total
1929 Winter
1929 Spring
1929 Summer
1929 Fall
1930
1930
1930
1930
1930
1930
1930
1930
1930
1930
1930
1930
1930 Total
1930 Winter
1930 Spring
1930 Summer
1930 Fall
1931

1931

1931

1931

1931

1931

1931

1931

1931

1931

1931

1931

1931 Total
1931 Winter
1931 Spring
1931 Summer
1931 Fall
1932
1932
1932
1932
1932
1932

O 00 N O U A WN -

[ S
N P O

O 00 N O U A WN -

[ S
N P O

o Uk WN P

Precipitation Rain Days Daily Max Precipitation

2.44
5.04
44.4
10.45
12.87
10.03
8.59

3.78
1.89
1.12
14
1.53
0.49
0.23
6.3
1.74
1.64
1.2
28.78
16.28
4.41
2.25
9.68
0.77
1.85
2.88
3.42
4.28
191
2.27
5.73
6.26
2.98
6.31
4.73
43.39
3.82
10.58
9.91
15.55
4.92
1.16
2.78
0
1.74
241
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26
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12
7
8
8
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4
4
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7
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6
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16
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23
11
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1.37
2

2
15
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14
2.13
1.25
0.58
0.6
0.72
0.52
0.29
0.2
1.74
0.65
0.52
0.71
2.13
2.13
0.72
0.52
1.74
0.3
0.83
1.73
1.59
1.04
1.09
0.79
1.15
4.57
0.96
2.24
2.38
4.57
0.83
1.73
1.15
4.57
1.22
0.4
1.24
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Year Month
1932 7
1932 8
1932 9
1932 10
1932 11
1932 12
1932 Total
1932 Winter
1932 Spring
1932 Summer
1932 Fall
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933
1933 Total
1933 Winter
1933 Spring
1933 Summer
1933 Fall
1934
1934
1934
1934
1934
1934
1934
1934
1934
1934
1934
1934
1934 Total
1934 Winter
1934 Spring
1934 Summer
1934 Fall
1935 1
1935 2
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9.34
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4.96
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35.27
10.74
16.27
7.63
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0
3.65
3.07
3.57
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0.4
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0.16
2.42
0.91
0.55
1.03

0.3
0.78
2.42

2.3

2.42
1.03
0.88

1.62
1.34
2.69
1.12
1.3
2.53
1.2
0.96
3.9
0.9
3.9
0.88
2.69
2.53
3.9
1.23
0.31
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Year Month
1935

1935

1935

1935

1935

1935

1935

1935 10
1935 11
1935 12
1935 Total
1935 Winter
1935 Spring
1935 Summer
1935 Fall
1936
1936
1936
1936
1936
1936
1936
1936
1936
1936
1936
1936
1936 Total
1936 Winter
1936 Spring
1936 Summer
1936 Fall
1937
1937
1937
1937
1937
1937
1937
1937
1937
1937
1937
1937
1937 Total
1937 Winter
1937 Spring
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8.23
3.42
5.46
5.5
1.03
2.63
1.87
3.14
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1.29
40.62
6.11
17.11
9.16
8.99
0.9
1.66
1.63
2.82
1.08
2.66
0.27
0.08
2.89
5.4
3.77
3.37
26.53
3.85
5.53
3.01
12.06
11.91
1.77
1.03
5.3
3.13
4.23
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1
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1.63
2.63
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1.39
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0.63
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1.13
0.34
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0.08
1.66
1.75
3.75
1.38
3.75
0.67
1.13
0.91
3.75

4.2
0.71
0.46
1.15
1.33

1.2
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0.55
1.93

1.6
0.58
1.03

4.2

4.2
1.33
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Year Month
1937 Summer
1937 Fall
1938
1938
1938
1938
1938
1938
1938
1938
1938
1938
1938
1938
1938 Total
1938 Winter
1938 Spring
1938 Summer
1938 Fall
1939
1939
1939
1939
1939
1939
1939
1939
1939
1939
1939
1939
1939 Total
1939 Winter
1939 Spring
1939 Summer
1939 Fall
1940
1940
1940
1940
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1940
1940
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1940
1940
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10.52
2.4
3.16
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36.11
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5.77
4.99
3.73
4.3
5.94
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3.84
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2.2
1.14
1.68
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0.8
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1.32
1.27
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0.45
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Appendix B.1 Precipitation

Year Month Precipitation Rain Days Daily Max Precipitation

1940 12 2.37
1940 Total 27.66
1940 Winter 7.55
1940 Spring 11.06
1940 Summer 4.62
1940 Fall 4.09
1941 1 2.33
1941 2 0.78
1941 3 1.15
1941 4

1941 5 2.97
1941 6 4.03
1941 7 1.97
1941 8 2.59
1941 9 2.96
1941 10 10.11
1941 11 2.37
1941 12 2.9
1941 Total 34.16
1941 Winter 5.48
1941 Spring

1941 Summer 8.59
1941 Fall 15.44
1942 1 2.45
1942 2 3.64
1942 3 3.42
1942 4 2.18
1942 5 3.93
1942 6 4.77
1942 7 3.8
1942 8 3.88
1942 9 1.08
1942 10 2.23
1942 11 4.19
1942 12 1.74
1942 Total 37.31
1942 Winter 8.99
1942 Spring 9.53
1942 Summer 12.45
1942 Fall 7.5
1943 1 0.45
1943 2 0.97
1943 3 2.98
1943 4 3.23
1943 5 7.9
1943 6 5.25
1943 7 2.09
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1
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1.44
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0.36
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1.6

1.17
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1.16
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Year Month
1943 8
1943 9
1943 10
1943 11
1943 12
1943 Total
1943 Winter
1943 Spring
1943 Summer
1943 Fall
1944
1944
1944
1944
1944
1944
1944
1944
1944
1944
1944
1944
1944 Total
1944 Winter
1944 Spring
1944 Summer
1944 Fall
1945
1945
1945
1945
1945
1945
1945
1945
1945
1945
1945
1945
1945 Total
1945 Winter
1945 Spring
1945 Summer
1945 Fall
1946 1
1946 2
1946 3
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2.26
6.24
2.03
1.78
1.88
37.06
3.16
14.11
9.6
10.05
0.48
2.81
3.26
4.97
3.45
0.96
1.99
8.78
1.09
1.08
1.26
1.97
321
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11.68
11.73
3.43
1.39
6.43
11.36
8.41
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24.44
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0.58
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0.19
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0.62
1.2
0.67
0.6
0.97
2.6
0.63
1.05
0.34
0.61
2.6
0.9
1.2
2.6
1.05
0.35
3.8
1.83
2.95
1.22
1.42
0.61
4.3
2.3
1.24
1.14
0.56
4.3
3.8
2.95
4.3
2.3
1.06
2.27
0.38
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Year Month
1946

1946

1946

1946

1946

1946

1946 10
1946 11
1946 12
1946 Total
1946 Winter
1946 Spring
1946 Summer
1946 Fall
1947
1947
1947
1947
1947
1947
1947
1947
1947
1947
1947
1947
1947 Total
1947 Winter
1947 Spring
1947 Summer
1947 Fall
1948
1948
1948
1948
1948
1948
1948
1948
1948
1948
1948
1948
1948 Total
1948 Winter
1948 Spring
1948 Summer
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3.11
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1.77
2.86
15.8
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4
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8.08
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20.43
8.14
2.06
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7.66
3.89
3.7
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2.77
3.43
4.55
2.84
3.9
40.47
4.8
14.27
9.21
10.82
1.84
2.92
3.14
2.08
3.41
3.25
8.13
2.16
3.4
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6.74
2.52
42.62
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13.54
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1.09
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2
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1.23
0.63
1.3
1.9
0.8
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2.67
0.85
2
1.23
1.9
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0.54
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0.75
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1.65
1.2
1.48
1.9
1.62
0.65
1.9
2.67
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Year Month
1948 Fall
1949
1949
1949
1949
1949
1949
1949
1949
1949
1949
1949
1949
1949 Total
1949 Winter
1949 Spring
1949 Summer
1949 Fall
1950
1950
1950
1950
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1950 Total
1950 Winter
1950 Spring
1950 Summer
1950 Fall
1951
1951
1951
1951
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1951
1951
1951
1951
1951
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13.17
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54.98
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1.14
5.78
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Year Month
1951 Total
1951 Winter
1951 Spring
1951 Summer
1951 Fall
1952
1952
1952
1952
1952
1952
1952
1952
1952
1952
1952
1952
1952 Total
1952 Winter
1952 Spring
1952 Summer
1952 Fall
1953
1953
1953
1953
1953
1953
1953
1953
1953
1953
1953
1953
1953 Total
1953 Winter
1953 Spring
1953 Summer
1953 Fall
1954
1954
1954
1954
1954
1954
1954
1954
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44.57
12.02
7.1
11.49
12.75
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2.26
5.68
4.12
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3.64
13
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7.3
11.68
11
9.15
2.92
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6
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14
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0.42
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Year Month
1954 9
1954 10
1954 11
1954 12
1954 Total
1954 Winter
1954 Spring
1954 Summer
1954 Fall
1955
1955
1955
1955
1955
1955
1955
1955
1955
1955
1955
1955
1955 Total
1955 Winter
1955 Spring
1955 Summer
1955 Fall
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956
1956 Total
1956 Winter
1956 Spring
1956 Summer
1956 Fall
1957
1957
1957
1957
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3.41
2.61
1.15
6
33.54
6.35
6.51
8.23
7.17
0.84
3.23
4.96
2.67
4.88
5.58
2.37
1.64
2.97
3.57
3.01
0.42
36.14
10.07
12.51
9.59
9.55
1.74
5.46
2.52
3.94
3.06
2.4
4.83
4.75
1.8
1.8
2.73
2.65
37.68
7.62
9.52
11.98
6.33
3.04
3.59
3.1
10.22
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2.24
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1.35
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2.38
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1.1
1.43
1.02
1.11
1.17
1.17
1.48
0.54
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1.02

0.8
1.48

1.1
1.43
1.48
1.02
1.57
1.23
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Year Month
1957

1957

1957

1957

1957

1957 10
1957 11
1957 12
1957 Total
1957 Winter
1957 Spring
1957 Summer
1957 Fall
1958
1958
1958
1958
1958
1958
1958
1958
1958
1958
1958
1958
1958 Total
1958 Winter
1958 Spring
1958 Summer
1958 Fall
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959
1959 Total
1959 Winter
1959 Spring
1959 Summer
1959 Fall
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7.36
3.95
4.49
2.47
3.19
1.92
6.44
6.96
56.73
9.28
20.68
10.91
11.55
3.09
0.79
3.57
3.99
3.18
5.44
10.81
2.65
3.07
0.46
5.32
0.84
43.21
10.84
10.74
18.9
8.85
3.94
243
2.83
1.56
3.85
0.85
0.74
10.99
4.96
243
1.79
4.31
40.68
7.21
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9.18
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1.92
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0.8
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8.19
1.25
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8.19
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Year Month
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960
1960 Total
1960 Winter
1960 Spring
1960 Summer
1960 Fall
1961
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1961

1961

1961

1961

1961

1961

1961
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1961 Total
1961 Winter
1961 Spring
1961 Summer
1961 Fall
1962
1962
1962
1962
1962
1962
1962
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1962
1962
1962
1962 Total
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2.46
1.9
2.48
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3.44
6.05
2.02
2.04
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32.27
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10.11
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O VW O NN 0 N L

97
27
30
24
20

15
11

114

1.47
0.67
1
0.73
0.88
2.67
1.44
0.6
0.14
1.01
1.17
0.97
2.67
1.57
1
2.67
1.17
0.3
0.6
2.63
0.88

0.88
1.12
2.06
0.72
2.05
1.17
2.63
0.97
2.63
1.12
2.06
2.36
1.18

1.2
0.78
1.25
0.66

11
2.58
0.95
2.42
0.35
1.65
2.58



Appendix B.1 Precipitation

Year Month
1962 Winter
1962 Spring
1962 Summer
1962 Fall
1963
1963
1963
1963
1963
1963
1963
1963
1963
1963
1963
1963
1963 Total
1963 Winter
1963 Spring
1963 Summer
1963 Fall
1964
1964
1964
1964
1964
1964
1964
1964
1964
1964
1964
1964
1964 Total
1964 Winter
1964 Spring
1964 Summer
1964 Fall
1965
1965
1965
1965
1965
1965
1965
1965
1965
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[ S
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O 00 N O U A WN -

Precipitation Rain Days Daily Max Precipitation

14.31
12.22
10.17
11.55
0.61
0.32
7.31
1.26
3.43

2.74
1.59
0.36
0.41
3.28

21.31
4.11
12

4.05
1.51
2.48
8.73
5.86
2.66
2.06
2.81
2.15
3.7
0.04
2.71
2.47
37.18

17.25
7.02
6.45
3.39
4.89

2.3

1.77
3.36

4.2
6.41

35
31
28
25
7
3
12
6
7

o W w v n

0 NP O~

88
13
31
22
14
10

10

10

2.36
1.25
2.58
2.42
0.21
0.21

1.6
0.57
0.87

1.15

0.5
0.16
0.28
1.25

1.6
1.65

1.6
1.15
1.25
0.81
1.04
3.28
1.28
0.95
0.76
0.91

1.5
1.35
0.04
1.71
1.01
3.28
1.04
3.28

1.5
1.71
0.78

1.8
0.57

0.75
0.83

1.19
2.27



Appendix B.1 Precipitation

Year Month
1965 10
1965 11
1965 12
1965 Total
1965 Winter
1965 Spring
1965 Summer
1965 Fall
1966
1966
1966
1966
1966
1966
1966
1966
1966
1966
1966
1966
1966 Total
1966 Winter
1966 Spring
1966 Summer
1966 Fall
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967 Total
1967 Winter
1967 Spring
1967 Summer
1967 Fall
1968
1968
1968
1968
1968
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Precipitation Rain Days Daily Max Precipitation

2.32
0.5
1.2

30.34
10.75

9.23
3.13
3.45

7.25
5.73
1.56
0.91
3.15
3.48
1.73
3.06
5.37
39.82
7.78
13.98
5.62
8.27
1.49
2.44
2.47
3.43
3.34
4.27
4.53
2.8
2.27
9.56
2.83
5.67
45.1
9.3
9.24
11.6
14.66
2.67
0.98
5.04
6.76
5.02

6
4
5
75
25
16
18
19
7
11
8
15
10

O o o i1 © L1 O

97
23
33
20
17

~N

11

00 b~ 00N O

1.36
0.35

0.8
2.27

1.8
0.75
1.19
2.27
2.03
1.01

0.3
1.66
1.53
0.51
0.47
0.76
1.69
0.67
1.75
1.57
2.03
2.03
1.66
0.76
1.75
0.63
0.91
1.03
1.31
1.36
1.82
1.01

1.8
0.77
4.81
1.52
0.95
4.81
1.57
1.36
1.82
4.81
1.15
0.88
1.51
1.58

1.7



Appendix B.1 Precipitation

Year Month
1968

1968

1968

1968

1968 10
1968 11
1968 12
1968 Total
1968 Winter
1968 Spring
1968 Summer
1968 Fall
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969
1969 Total
1969 Winter
1969 Spring
1969 Summer
1969 Fall
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970
1970 Total
1970 Winter
1970 Spring
1970 Summer
1970 Fall
1971 1

O 00 N O

O 00 N O U A WN -

[ S
N P O

O 00 N O U A WN -

[ S
N P O

Precipitation Rain Days Daily Max Precipitation

2.26
2.52
3.55
2.29
1.27
5.85
4.65
42.86
9.32
16.82
8.33
9.41
7.15
1.67
2.18
4.64
3.26
9
9.82
0.18
491
4.31
2.64
3.67
53.43
13.75
10.08
19
11.86
0.98
2.02
4.14
4.96
2.8
11.07
3.39
1.68
3.78
3.55
1.7
2.18
42.25
6.67
11.9
16.14
9.03
3.05

A 000 1 O

11
10
87
26
28
17
21
12

O 00 00 O N

14

100

101
21
27
24
29

1.05
1.48
1.2
0.87
0.65
1.85
1
1.85
1.15
1.7
1.48
1.85
2.05
0.8
1.18
1.45
1.3
2.25
2.55
0.08
1.8
1.57
0.75
1.1
2.55
2.05
1.45
2.55
1.8
0.56
0.49
1.17
1.54
1.04
3.18
2.84
0.68
0.96
0.9
0.44
0.73
3.18
1.1
1.54
3.18
0.96
1.52



Appendix B.1 Precipitation

Year Month
1971

1971

1971

1971

1971

1971

1971

1971

1971

1971

1971

1971 Total
1971 Winter
1971 Spring
1971 Summer
1971 Fall
1972
1972
1972
1972
1972
1972
1972
1972
1972
1972
1972
1972
1972 Total
1972 Winter
1972 Spring
1972 Summer
1972 Fall
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973 Total
1973 Winter

O 00 N O U &~ WN
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N P O

O 00 N O U A WN -
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O 00 N O U A WN -
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N P O

Precipitation Rain Days Daily Max Precipitation

5.7
1.35
3.33

5.6
1.79
2.07
1.95

1.3
0.92
1.32
3.59

31.97
10.93
10.28
5.81
3.54

1.8
291
3.98
6.38
0.91
1.39

4.5
6.97
231
241
6.91

3.9

44.37
8.3
11.27
12.86
11.63
3.23
1.35
7.44
6.02
5.23
4.56
3.94
3.77
1.92
4.17
7.72
4.99
54.34
8.48

13
7
7

10

co ~ b b WU

121

134
30

2.15
0.39
1.37
1.62
0.85
0.72
1.37
0.68
0.57
0.35
0.78
2.15
2.15
1.62
1.37
0.68
0.52
0.78
0.89
1.12
0.55
0.91
1.93
2.1
0.42
1.3
1.74
0.8
2.1
0.78
1.12
2.1
1.74
0.86
0.47
2.25
1.83
1.23
2
1.76
2.27
0.52
2.33
2.36
1.28
2.36
0.86



Appendix B.1 Precipitation

Year Month
1973 Spring
1973 Summer
1973 Fall
1974
1974
1974
1974
1974
1974
1974
1974
1974
1974
1974
1974
1974 Total
1974 Winter
1974 Spring
1974 Summer
1974 Fall
1975
1975
1975
1975
1975
1975
1975
1975
1975
1975
1975
1975
1975 Total
1975 Winter
1975 Spring
1975 Summer
1975 Fall
1976
1976
1976
1976
1976
1976
1976
1976
1976
1976
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O 00 N O U A WN -

=
o

Precipitation Rain Days Daily Max Precipitation

18.69
12.27
13.81
3.79
1.95
4.52
4.24
6.26
3.38
0.94
4.59
6.19
1.65
4.62
3.3
45.43
10.73
15.02
8.91
12.46
4.52
4.06
7.34
6.42
34
3.14
1.8
7.53
1.71
2.32
3.6
6.17
52.01
11.88
17.16
12.47
7.63
1.31
1.92
3.14
1.65
3.07
4.67
4.2
0.26
2.94
3.46

51
26
28
12

9
10
9
10
12
6
10
10
5
14
13

120
34
29
28
29
13
13
13
11

9
11
8
13
5
7
10
10

123
39
33
32
22
11

5
9

O

12

N N o

2.25
2.27
2.36
0.68
0.77
1
1.33
2.25
0.82
0.2
2.07
2.15
1.09
2.21
0.66
2.25
1.28
2.25
2.07
2.21
15
1.93
1.47
2.26
0.87
0.68
1.15
231
0.78
0.86
1.38
1.3
231
1.93
2.26
231
1.38
0.35
0.79
0.91
1.05
1.25
1.45
1.31
0.2
1.77
1.54



Appendix B.1 Precipitation

Year Month
1976 11
1976 12
1976 Total
1976 Winter
1976 Spring
1976 Summer
1976 Fall
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977
1977 Total
1977 Winter
1977 Spring
1977 Summer
1977 Fall
1978
1978
1978
1978
1978
1978
1978
1978
1978
1978
1978
1978
1978 Total
1978 Winter
1978 Spring
1978 Summer
1978 Fall
1979
1979
1979
1979
1979
1979

O 00 N O U A WN -
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O 00 N O U A WN -
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N P O

o Uk WN P

Precipitation Rain Days Daily Max Precipitation

0.57
1.04
28.23
9.4
7.86
9.13
6.97
1.16
2.37
7.61
2.29
1.33
3.54
2.28
7.95
4.92
191
2.96
4.75
43.07
4.69
11.23
13.77
9.79
1.85
1
5.03
3.38
4.01
2.25
2.35
4.23
0.84
2.39
4.93
4.78
37.04
7.6
12.42
8.83
8.16
3.59

5.67
7.68
3.64

3

1
4
82
26
26
23
13
7
6
10
12
8
11
9
10
7
10
13
9
112
18
30
30
30
9
4
12
12
13

00 O N 0 00

10
102
22
37
23
19
14

13
16
10

0.57
0.38
1.77
13
1.25
1.45
1.77
0.51
1.37
3.37
0.66
0.52
0.9
0.73
2.46
2.8
1
1.32
1.55
3.37
1.37
3.37
2.46
2.8
0.82
0.51
151
1.5
1.17
1.27
0.98
2.85
0.72
1.29
1.31
1.17
2.85
1.55
151
2.85
1.31
1.18

1.12
1.39
1.18
1.08



Appendix B.1 Precipitation

Year Month
1979 7
1979 8
1979 9
1979 10
1979 11
1979 12
1979 Total
1979 Winter
1979 Spring
1979 Summer
1979 Fall
1980

1980

1980

1980

1980

1980

1980
1980
1980
1980
1980
1980
1980 Total
1980 Winter
1980 Spring
1980 Summer
1980 Fall
1981

1981

1981

1981

1981

1981

1981

1981

1981

1981

1981

1981

1981 Total
1981 Winter
1981 Spring
1981 Summer
1981 Fall
1982 1
1982 2
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O 00 N O U A WN -
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N P O

Precipitation Rain Days Daily Max Precipitation

3.84
3.01

0.8
1.55
5.79
1.63
40.2

16.99
9.85
8.14
1.45
1.44
4.91
2.14
3.05
2.21

5.8
2.96
4.04
2.59

3.1
0.89

34.58
4.52
10.1

10.97
9.73
0.33
1.05
1.88
2.34

10.16

5.2
7.01
1.99
2.08
2.29
1.77
2.65

38.75
2.37

14.38
14.2
6.14
7.07
2.17

10

Ul o OO N N

94
24
39
22
14

15
12

N U B 00 O O 0

N W N 0
o Ul —» O

16

N NN PO

90
10
29
29
18

1.84
1.78
0.57
0.93
1.96

0.6
1.96
1.18
1.39
1.84
1.96
0.85
0.45

1.2
0.75
1.15
0.58
2.63
0.74
1.56

1.5

1.5
0.88
2.63
0.85

1.2
2.63
1.56
0.24
0.75

0.7

15
1.33
2.42
1.16
1.32

1.3
0.61
0.43
0.83
2.42
0.88

15
2.42

1.3
2.95
0.52



Appendix B.1 Precipitation

Year Month
1982

1982

1982

1982

1982

1982

1982

1982 10
1982 11
1982 12
1982 Total
1982 Winter
1982 Spring
1982 Summer
1982 Fall
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983
1983 Total
1983 Winter
1983 Spring
1983 Summer
1983 Fall
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984
1984 Total
1984 Winter
1984 Spring

O 00N O U W

O 00 N O U A WN -

[ S
N P O

O 00 N O U A WN -

[ S
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Precipitation Rain Days Daily Max Precipitation

3.36
2.44
4.65
3.61
1.78
1.2
4.72
1.85
2.78
11.94
47.57
11.89
10.45
6.59
9.35
0.9
1.36
3.83
10.18
9.23
4.49
1.73
2.68
1.57
8.44
6.34
3.57
54.32
14.2
23.24
8.9
16.35
1.16
2.87
5.03
4.31
4.01
2.07
1.23
2.73
5.48
8.4
6.23
4.67
48.19
7.52
13.35

10
9
9

11

N O 00 o O

10

111
24
38

1.11
1.16
1.8
1.27
0.65
0.72
1.03
0.58
0.82
3.95
3.95
2.95
1.8
1.27
1.03
0.43
1.15
1
3.7
2.7
2.22
1.7
2.57
0.77
1.95
1.83
1.05
3.7
3.95
3.7
2.57
1.95
0.52
1.11
1.06
1.65
0.95
1.07
1.2
1.81
2.72
2.42
1.8
1.1
2.72
1.11
1.65



Appendix B.1 Precipitation

Year Month
1984 Summer
1984 Fall
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985 Total
1985 Winter
1985 Spring
1985 Summer
1985 Fall
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986
1986 Total
1986 Winter
1986 Spring
1986 Summer
1986 Fall
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
1987
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Precipitation Rain Days Daily Max Precipitation

6.03
20.11
1.59
3.8
6.32

5.52
4.76
1.11
6.7
0.59
6.66
10.08
1.31
48.44
10.09

12.57
17.33
0.64
3.56
3.06

5.03
0.7
7.35
3.99
5.01
2.67
2.67
2.79
37.47
5.51

12.04
10.35
1.09
2.75
2.13
1.82
1.2
2.03
5.76
1.31
1.2
1.64
4.45

12
33

7
10
14

11
14

4
12

3
12
17

108
29
25
30
32

13

22

O ON B N U U O © O

1.81
2.72
0.68
1.45

2.3

1.76
1.17
0.58

15
0.22
2.35
2.04

0.9
2.35
1.45

23

15
2.35
0.55
0.75
1.33

1.62
0.57
2.65
1.25
2.75
1.01
1.23
1.08
2.75

0.9
1.62
2.65
2.75
0.45
0.62
0.85
1.07
0.52
1.05
1.95
0.72

0.6
0.95
0.91



Appendix B.1 Precipitation

Year Month
1987 12
1987 Total
1987 Winter
1987 Spring
1987 Summer
1987 Fall
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988
1988 Total
1988 Winter
1988 Spring
1988 Summer
1988 Fall
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989
1989 Total
1989 Winter
1989 Spring
1989 Summer
1989 Fall
1990
1990
1990
1990
1990
1990
1990
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N oo WON

Precipitation Rain Days Daily Max Precipitation

6.14
31.52
6.63
5.15
9.1
7.29
2.05
2.6
5.37
1.69
2.01
1.31
7.01
0.53
5.11
3.18
6.52
1.99
39.37
10.79
9.07
8.85
14.81
4.66
6.59
7.9
1.73
3.97
6.99
0.96
291
1.6
1.19
1.27
1.17
40.94
13.24
13.6
10.86
4.06
4.85
4.72
2.37
4.36
9.01
3.68
2.28

10
76
17
20
16
17
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1.8
1.95
1.08
1.07
1.95
0.95
1.04

11
1.73
0.87
0.77
0.82
4.25

0.4

2.4
0.97

11

1.6
4.25

1.8
1.73
4.25

2.4
2.25
2.35
2.45
0.55
1.05
2.05
0.32
0.82
0.92

0.4
0.39
0.68
2.45
2.35
2.45
2.05
0.92

3.3
1.52
0.48
1.48
2.67
1.31
1.25



Appendix B.1 Precipitation

Year Month Precipitation Rain Days Daily Max Precipitation

1990 8 2.35
1990 9

1990 10 4.51
1990 11 4.93
1990 12

1990 Total 44.44
1990 Winter 10.74
1990 Spring 15.74
1990 Summer 8.31
1990 Fall

1991 1 2.38
1991 2 2.37
1991 3 4.19
1991 4 3.84
1991 5 2.54
1991 6 1.32
1991 7 0.56
1991 8 2.1
1991 9 2.78
1991 10 5.08
1991 11 5.15
1991 12 3.47
1991 Total 35.78
1991 Winter 6.13
1991 Spring 10.57
1991 Summer 3.98
1991 Fall 13.01
1992 1 1.94
1992 2 1.25
1992 3 2.93
1992 4 1.65
1992 5 3.28
1992 6 2.79
1992 7 3.02
1992 8 1.87
1992 9 4.23
1992 10 0.91
1992 11 6.21
1992 12 1.69
1992 Total 31.77
1992 Winter 6.66
1992 Spring 7.86
1992 Summer 7.68
1992 Fall 11.35
1993 1 5.25
1993 2 1.29

1993 3 2.23

5

0.75

1.82
1.75
0.83

3.3

3.3
2.67
1.31
1.82
1.12
0.97
1.11
1.27
0.65
0.75
0.37
0.72
1.05

1.3
3.96
1.11
3.96
1.12
1.27
0.75
3.96
0.49
0.65
1.23
0.62
1.37
2.35
1.84
1.08
141
0.71
1.56
0.43
2.35
1.11
1.37
2.35
1.56
2.29
0.62
0.49
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Year Month
1993

1993

1993

1993

1993

1993

1993 10
1993 11
1993 12
1993 Total
1993 Winter
1993 Spring
1993 Summer
1993 Fall
1994

1994

1994

1994

1994

1994

1994
1994
1994
1994
1994
1994
1994 Total
1994 Winter
1994 Spring
1994 Summer
1994 Fall
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995
1995 Total
1995 Winter
1995 Spring
1995 Summer
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Precipitation Rain Days Daily Max Precipitation

5.04
4.72
3.73
4.9
3.1
8.85
2.69
12.46
1.79
56.05
8.23
11.99
11.73
24
4.59

2.09
8.01
1.76

5.1

1.08
1.83
2.93
6.91

39.83
7.74
11.86

11.67
3.1
2.94
4.25
2.88
12.26
5.5
0.92
2.17

1.82
2.7
0.11
39.65
7.93
19.39
8.59
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66
10
25
20

1.05
1.59
1.08
1.35

11
2.04
1.25

9.3
0.82

9.3
2.29
1.59
1.35

9.3
1.88

0.8
0.89
241
0.66
2.94
1.17
1.02
1.03
1.63
2.17
1.63
2.94
1.88
241
2.94
2.17

1.5
1.04
2.87
0.82
4.37
1.29
0.26
1.51
0.41
0.65
2.14
0.08
4.37
1.63
4.37
1.51



Appendix B.1 Precipitation

Year Month Precipitation Rain Days Daily Max Precipitation

1995 Fall 5.52 12 2.14
1996 1 8 0.95
1996 2 0.73 4 0.42
1996 3 2.65 5 0.82
1996 4 13.94 6 8.77
1996 5 53 6 1.98
1996 6 9.08 8 2.72
1996 7 2.01 5 1.21
1996 8 0.12 1 0.12
1996 9 4.12 5 2.52
1996 10 2.16 3 0.82
1996 11 2.17 4 1.38
1996 12 4 1.27
1996 Total 48.3 59 8.77
1996 Winter 3.62 14 0.95
1996 Spring 21.89 17 8.77
1996 Summer 11.21 14 2.72
1996 Fall 8.45 12 2.52
1997 1 4.62 11 0.86
1997 2 2.7 5 1.29
1997 3 4.98 8 1.28
1997 4 3.31 4 1.69
1997 5 3 2.47
1997 6 9.68 9 3.05
1997 7 1.86 2 1.2
1997 8 3.21 5 1.57
1997 9 0.72 2 0.68
1997 10 2 1.16
1997 11 2.35 4 0.93
1997 12 3.52 3 1.87
1997 Total 43.24 58 3.05
1997 Winter 10.56 20 1.29
1997 Spring 12.4 15 2.47
1997 Summer 14.75 16 3.05
1997 Fall 5.25 8 1.16
1998 1 4 1 4
1998 2 4.09 7 1.14
1998 3 4.09 5 1.58
1998 4 8.55 9 3.95
1998 5 3.53 6 1.25
1998 6 9.46 8 3.22
1998 7 3.88 5 1.93
1998 8 1.2 3 0.65
1998 9 2.73 4 1.55
1998 10 3.77 3 2.44
1998 11 1.49 3 0.59
1998 12 2.93 3 1.82



Appendix B.1 Precipitation

Year Month
1998 Total
1998 Winter
1998 Spring
1998 Summer
1998 Fall
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999
1999 Total
1999 Winter
1999 Spring
1999 Summer
1999 Fall
2000
2000
2000
2000
2000
2000
2000
2000
2000
2000 10
2000 11
2000 12
2000 Total
2000 Winter
2000 Spring
2000 Summer
2000 Fall
2001
2001
2001
2001
2001
2001
2001
2001

O 00 N O U A WN -
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O 00 N O U A WN -

00O N O U1 A WN B

Precipitation Rain Days Daily Max Precipitation

49.72
11.61
16.17
14.54
7.99
6.1
5.14
2.25
6.29
4.67

3.45
1.58
0.5
2.01
0.88
4.15
38.54
14.17
13.21
6.55
3.39
1.99
4.32
3.5
2.89
4.12
8.79
4.97
5.15
2.96
0.42
4.4
3.01
46.52
10.46
10.51
18.91
7.78
0.88
3.15
1.12
1.79
4.87
3.26
5.46
2.22
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11
20
16
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4
3.95
3.22
2.44
2.82
1.85
1.57
3.17
2.06
0.71
1.88
1.56
0.39
1.22
0.88
2.43
3.17
2.82
3.17
1.88
1.22
0.69
1.76
1.55
1.19
1.25
5.95
1.94
1.65
1.46
0.21
1.55
1.21
5.95
2.43
1.55
5.95
1.55
0.72
1.08
0.42
1.68
1.55
0.99
2.19
1.02



Appendix B.1 Precipitation

Year Month
2001 9
2001 10
2001 11
2001 12
2001 Total
2001 Winter
2001 Spring
2001 Summer
2001 Fall
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002
2002 Total
2002 Winter
2002 Spring
2002 Summer
2002 Fall
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003
2003 Total
2003 Winter
2003 Spring
2003 Summer
2003 Fall
2004
2004
2004
2004

O 00 N O U A WN -

[ S
N P O

O 00 N O U1 A WN -

[ S
N O

A W N R

Precipitation Rain Days Daily Max Precipitation

2.58
9.58
3.51
5.27
43.69
7.04
7.78
10.94
15.67
2.57
2.63
7.07
6.23
7.81
5.29
0.34
0.97
3.84
3.63
1.58

41.96
10.47
21.11
6.6
9.05
2.75
2.83
211
4.8
5.53
6.08
0.92
1.93
3.07
2.67
2.9
0.95
36.54

12.44
8.93
8.64

1.75
4.06
1.66

2
8
7
6
70
14
16
22
17
5
5
12
9
11

10

R R W R N
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[ S S
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10

14
3.34
0.92
2.93
3.34
1.21
1.68
2.19
3.34
0.82
1.38
1.68
2.25
2.61
2.05
0.34
0.38
1.76
1.13
0.77

2.61
2.93
2.61
2.05
1.76
2.25
2.68
1.56
1.78
1.57
3.75
0.83

1.9
2.13
1.43
1.01
0.78
3.75
2.68
1.78
3.75
2.13

1.75
1.04
0.82



Appendix B.1 Precipitation

Year Month
2004

2004

2004

2004

2004

2004 10
2004 11
2004 12
2004 Total
2004 Winter
2004 Spring
2004 Summer
2004 Fall
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005
2005 Total
2005 Winter
2005 Spring
2005 Summer
2005 Fall
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006
2006 Total
2006 Winter
2006 Spring
2006 Summer
2006 Fall

O 00 N O U

O 00 N O U A WN -

[ S
N P O

O 00 N O U A WN -

[ S
N P O

Precipitation Rain Days Daily Max Precipitation

6.63
4.58
0.21
6.34
6.84
2.03
36.47

6.83

13.39
2.79
2.37
2.54
2.71
0.98
3.93
2.83
6.25
3.81
1.28
6.04
0.88

36.41
7.19
6.23

13.01

11.13

3.7
0.37
8.36
1.78
4.36
3.77
7.53
2.59
4.42
6.66
4.03

47.57
4.95
14.5

13.89

15.11

2
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74
15
26
17
21

0.73
1.26
2
1.43
0.21
2.01
2.01
0.82
2.01
1.75
1.04
2
2.01
1.04
0.81
1.03
0.71
0.86
2.48
1.68
1.9
1.92
0.79
3.39
0.37
3.39
1.04
1.03
2.48
3.39
0.7
0.25
241
0.5
11
1.77
3.3
1.18
2.48
2.61
1.34

3.3
0.7
241
3.3
2.61



Appendix B.1 Precipitation

Year Month
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007
2007 Total
2007 Winter
2007 Spring
2007 Summer
2007 Fall
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008
2008 Total
2008 Winter
2008 Spring
2008 Summer
2008 Fall
2009 1
2009 2

O 00N O U A WN -

[ S
N P O

O 00 N O U A WN -

[ S
N P O

3.61 3
2.48 1
1.42 2
3.09 6
2.07 5
4.13 7
231 3
2.79 5
2.15 2
5.84 3
29.89 37
9.77 6
6.58 13
9.23 15

5
7.35 12
1.05 3
2.25 6

2

7

12

2

6
2.16 5
1.49 5

Precipitation Rain Days Daily Max Precipitation

2.87
2.48
1.18

1.1
0.74
2.34
1.42
1.37
1.71
3.61

3.61
2.87
1.18
2.34
3.61

2.16

0.71
0.7

1.69
2.16
0.71
0.7
1.2
0.9



StationCode| CollectionDate | CollectionTime |Matrix| MethodCode| Analyte Result_TXT Result_NUM|ResuItUnits|

N-17 24-Jun-03 10:00 Water FIELD Temperature, water 24 24 deg C
N-17 24-Jun-03 10:00 Water FIELD Dissolved oxygen (DO) 4.4 4.4 mg/|
N-17 16-Jul-03 11:45 Water FIELD Temperature, water 28.1 28.1 deg C
N-17 16-Jul-03 11:45 Water FIELD Dissolved oxygen (DO) 5.86 5.86 mg/|
N-17 19-Nov-03 12:00 Water FIELD Dissolved oxygen (DO) 8.1 8.1 mg/l

N-17 19-Nov-03 12:00 Water FIELD Temperature, water 12.5 12.5 deg C



StationCoc SampleDef SampleDej CollectionDa SampleMe Analyte

RNZX-3
RNZX-1
RNZX-3
RNZX-1
RNZX-3
RNZX-1
RNZX-3
RNZX-1
RNZX-3
RNZX-1
RNZX-3
RNZX-1
RNZX-2
RNZX-1
RNZX-3
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-2
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-3
RNZX-1
RNZX-3
RNZX-2
RNZX-2
RNZX-3
RNZX-1
RNZX-2
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-3
RNZX-2
RNZX-1

8 ft
16 ft
8 ft
16 ft
8 ft
16 ft
8 ft
16 ft
8 ft
16 ft
8 ft
16 ft
1ft
1ft
1ft
15 ft
1ft
1ft
1 ft
15 ft
1 ft
1 ft
1 ft
14 ft
1 ft
1ft
1 ft
14 ft
1ft
1ft
1ft
14 ft
5 ft
6 ft
6 ft
4 ft
4 ft
4 ft
3 ft
3 ft
3 ft
3 ft
3 ft
3 ft
4 ft
4 ft
4 ft
5 ft
6 ft
6 ft
4 ft
4 ft

8/26/2009 Sediment
8/26/2009 Sediment
8/26/2009 Sediment
8/26/2009 Sediment
8/26/2009 Sediment
8/26/2009 Sediment
8/26/2009 Sediment
8/26/2009 Sediment
8/26/2009 Sediment
8/26/2009 Sediment
8/26/2009 Sediment
8/26/2009 Sediment
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water

Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Phosphorus as P Total
Phosphorus as P Total

Temperature, sample
Temperature, sample

Total fixed solids

Total fixed solids

Total solids

Total solids

Total volatile solids

Total volatile solids

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Alkalinity, total

Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, corrected Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total

SampleFra Result_NU ResultUnit: Qualifier

3640 mg/kg

6850 mg/kg

321 mg/kg

1020 mg/kg

0 degC

0 degC
92.8 %

87 %
44.2 %
37.5 %

7.2 %

13 %

46 mg/|

45 mg/I

46 mg/|

54 mg/I

52 mg/I

52 mg/I

52 mg/I

84 mg/I

54 mg/I

55 mg/I

53 mg/I

88 mg/I

58 mg/I

57 mg/l

58 mg/I
135 mg/I

56 mg/I

56 mg/I

54 mg/I

57 mg/I
17.6 ug/I
16.1 ug/I
16.8 ug/I
31.7 ug/I
53.5 ug/l
22.9 ug/l
43.4 ug/l
52.1 ug/I
45.3 ug/l
49.7 ug/l
54.5 ug/l
83.8 ug/I
44.8 ug/l
23.4 ug/I

5.4 ug/|
17.8 ug/I
16.4 ug/I

17 ug/I

33 ug/I
56.8 ug/I



StationCoc SampleDef SampleDej CollectionDa SampleMe Analyte

RNZX-3
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-3
RNZX-2
RNZX-3
RNZX-2
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-3
RNZX-1
RNZX-2
RNZX-1
RNZX-2
RNZX-3
RNZX-2
RNZX-3
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-3
RNZX-2
RNZX-2
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-3
RNZX-1
RNZX-2
RNZX-1
RNZX-2
RNZX-1
RNZX-3
RNZX-1
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-3

4 ft
3 ft
3 ft
3 ft
3 ft
3 ft
3 ft
4 ft
4 ft
4 ft
5 ft
6 ft
6 ft
4 ft
4 ft
4 ft
3 ft
3 ft
3 ft
3 ft
3 ft
3 ft
4 ft
4 ft
4 ft
5 ft
6 ft
6 ft
4 ft
4 ft
4 ft
3 ft
3 ft
3 ft
3 ft
3 ft
3 ft
4 ft
4 ft
4 ft
1ft
1ft
15 ft
1ft
1 ft
1ft
15 ft
1ft
1 ft
1ft
14 ft
1ft

6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water

Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total
Chlorophyll a, uncorrect Total

Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-b Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total
Chlorophyll-c Total

Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total

24.5
48.2
55.2
46.2
84.2
52.8
49.4
6.49
46.9
25.2

0.64
0.71
0.6

3.11
0.58
2.1
1.88
2.13
8.08
3.14
3.88
2.94
3.33
2.53
291
6.5
3.27
4.64
2.24
4.84
0.0753
0.0596
0.417

0.0318
1.65

0.0247
0.937
0.0697
0.137

ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/l
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/l
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I

SampleFra Result_NU ResultUnit: Qualifier

ND
ND
ND
ND
ND

ND
ND
ND
ND
ND

ND
ND

ND



StationCoc SampleDef SampleDej CollectionDa SampleMe Analyte

RNZX-1
RNZX-2
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-1
RNZX-2
RNZX-1
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-1
RNZX-2
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-1
RNZX-3
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-3

1ft
1ft
14 ft
1ft
1ft
1ft
14 ft
1ft
1 ft
15 ft
1ft
1ft
1ft
15 ft
1ft
1ft
1 ft
14 ft
1 ft
1ft
1 ft
14 ft
1 ft
1 ft
1 ft
14 ft
1ft
1ft
15 ft
1ft
1ft
1ft
15 ft
1ft
1ft
1ft
14 ft
1ft
1ft
1ft
14 ft
1ft
1ft
1ft
14 ft
5 ft
6 ft
6 ft
4 ft
4 ft
4 ft
3 ft

8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water

Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total
Nitrogen, ammonia as N Total

Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total
Nitrogen, Kjeldahl Total

Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 41 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total
Nitrogen, Nitrite (NO2) 4 Total

Pheophytin-a Total
Pheophytin-a Total
Pheophytin-a Total
Pheophytin-a Total
Pheophytin-a Total
Pheophytin-a Total
Pheophytin-a Total

0.0729
0.0352
4.66
0.369

0.33
0.36
0.527
0.608
0.883
0.916
0.992
0.959
2.82
0.908
0.914
1.13
1.9
1.8
1.41
1.16
4.92
4.92
1.21
1.21
1.04

0.101

0.031

0.104

0.11
0.111
0.113

1.47

2.35
2.14

mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I

SampleFra Result_NU ResultUnit: Qualifier

J
J

ND

ND
ND
ND
ND
ND
ND
ND

ND

ND
ND
ND
ND
ND

ND
ND
ND

ND



StationCoc SampleDef SampleDej CollectionDa SampleMe Analyte

RNZX-2
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-1
RNZX-3
RNZX-1
RNZX-1
RNZX-3
RNZX-1
RNZX-2
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-1
RNZX-1
RNZX-2
RNZX-1
RNZX-3
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-3
RNZX-2

3 ft
3 ft
3 ft
3 ft
3 ft
4 ft
4 ft
4 ft
1 ft
1ft
1 ft
15 ft
1 ft
1ft
15 ft
1ft
1ft
1ft
14 ft
1ft
1 ft
1ft
14 ft
1 ft
1ft
1ft
14 ft
1ft
1ft
15 ft
1 ft
1ft
1 ft
15 ft
1 ft
1ft
1ft
14 ft
1ft
1ft
1 ft
14 ft
1 ft
1ft
1 ft
14 ft
1 ft
1ft
1ft
15 ft
1ft
1ft

7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water

Pheophytin-a

Pheophytin-a

Pheophytin-a

Pheophytin-a

Pheophytin-a

Pheophytin-a

Pheophytin-a

Pheophytin-a

Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P
Phosphorus as P

SampleFra Result_NU ResultUnit: Qualifier

Total
Total
Total
Total
Total
Total
Total
Total
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile

521

1.94

0.71

1.52
0.012
0.013
0.014
0.026
0.007
0.009
0.307
0.007
0.008
0.009
0.079

0.029
0.029
0.399
0.013
0.013
0.019
0.011
0.034
0.05
0.067
0.056
0.055
0.057
0.38
0.065
0.062
0.06
0.144
0.051
0.049
0.081
0.524
0.074
0.083
0.083
0.077
6

4

5

5

8

7

ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
ug/|
ug/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I
mg/|
mg/I

ND
ND

ND
ND

ND



StationCoc SampleDef SampleDej CollectionDa SampleMe Analyte

RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-1
RNZX-3
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-1
RNZX-3
RNZX-1
RNZX-2
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-2
RNZX-1
RNZX-3
RNZX-1
RNZX-2
RNZX-3
RNZX-1
RNZX-1
RNZX-1
RNZX-3
RNZX-2
RNZX-2
RNZX-1
RNZX-3
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-1
RNZX-3
RNZX-2
RNZX-1
RNZX-1
RNZX-3
RNZX-1
RNZX-2

1ft
15 ft
1ft
1ft
1ft
14 ft
1 ft
1ft
1 ft
14 ft
1 ft
1ft
1ft
14 ft
1ft
1ft
1 ft
15 ft
1 ft
1 ft
1 ft
15 ft
1ft
1ft
1 ft
14 ft
1 ft
1 ft
1 ft
14 ft
1ft
1ft
1ft
14 ft
1 ft
1ft
1 ft
5 ft
6 ft
6 ft
15 ft
1ft
1ft
1ft
15 ft
1ft
1 ft
1ft
14 ft
1ft
1 ft
1ft

6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
10/14/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
5/4/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
6/11/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
7/13/2009 Water
8/26/2009 Water
8/26/2009 Water
8/26/2009 Water

Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, suspended, volatile
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample
Temperature, sample

8 mg/l
8 mg/I
9 mg/l
8 mg/I
10 mg/l
9 mg/I
8 mg/l
11 mg/I
8 mg/l
10 mg/I
7 mg/l
7 mg/I
6 mg/l
7 mg/I
5 mg/l
6 mg/l
7 mg/l
mg/I
mg/|
mg/I
mg/|
mg/I
11 mg/l
9 mg/I
12 mg/l
9 mg/I
8 mg/l
8 mg/I
8 mg/l
14 mg/I
10 mg/|
10 mg/I
10 mg/|
9 mg/I
5 degC
5 degC
5 degC
0 degC
0 degC
0 degC
5 degC
1degC
1 degC
1 degC
1 degC
2 degC
2 degC
2 degC
2 degC
4 deg C
4 degC
4 deg C

O O N

SampleFra Result_NU ResultUnit: Qualifier

ND



StationCoc SampleDef SampleDej CollectionDa SampleMe Analyte SampleFra Result_NU ResultUnit: Qualifier

RNZX-1 14 ft 8/26/2009 Water Temperature, sample 4 degC
RNZX-2 1 ft 10/14/2009 Water Temperature, sample 3 degC
RNZX-1 1ft 10/14/2009 Water Temperature, sample 3 degC
RNZX-3 1 ft 10/14/2009 Water Temperature, sample 3 degC

RNZX-1 14 ft 10/14/2009 Water Temperature, sample 3 degC



StationCoc SampleDef SampleDejf CollectionDate Analyte SampleFra Result_NU ResultUnit: Qualifier

RNZD-99 1ft 6/16/2011 Alkalinity, total 57 mg/I
RNZD-99 1ft 6/16/2011 Chloride Total 4.57 mg/|
RNzD-99 4 ft 6/16/2011 Chlorophyll a, corrected for pheophytin Total 42.2 ug/
RNzD-99 4 ft 6/16/2011 Chlorophyll a, uncorrected for pheophytin  Total 43.8 ug/|
RNZD-99 4 ft 6/16/2011 Chlorophyll-b Total 4.05 ug/I
RNZD-99 4 ft 6/16/2011 Chlorophyll-c Total 3.69 ug/l
RNZD-99 1ft 6/16/2011 Nitrogen, ammonia as N Total mg/| ND
RNZD-99 4 ft 6/16/2011 Pheophytin-a Total ug/| ND
RNZD-99 1ft 6/16/2011 Phosphorus as P Total 0.085 mg/I
RNZD-99 1ft 6/16/2011 Phosphorus as P Dissolved 0.025 mg/I
RNZD-99 1ft 6/16/2011 Solids, suspended, volatile 9 mg/I
RNZD-99 1ft 6/16/2011 Solids, Total Suspended (TSS) 10 mg/I

RNZD-99 1ft 6/16/2011 Temperature, sample 3 degC



StationCoc SampleDe SampleDe CollectionDat SampleMe Analyte

SampleFra Result_NU ResultUnit Qualifier

RNQ-1 13 ft 7/12/2011 Sediment Nitrogen, Kjeldahl

RNQ-1 13 ft 7/12/2011 Sediment Phosphorus as P

RNQ-1 13 ft 7/12/2011 Sediment Total fixed solids

RNQ-1 13 ft 7/12/2011 Sediment Total solids

RNQ-1 13 ft 7/12/2011 Sediment Total volatile solids

RNQ-1 1ft 7/29/2011 Water Alkalinity, total

RNQ-1 11 ft 7/29/2011 Water Alkalinity, total

RNQ-1 3 ft 7/12/2011 Water Chlorophyll a, corrected for pheophytin
RNQ-1 3 ft 7/12/2011 Water Chlorophyll a, uncorrected for pheophytin
RNQ-1 3 ft 7/12/2011 Water Chlorophyll-b

RNQ-1 3 ft 7/12/2011 Water Chlorophyll-c

RNQ-1 1ft 7/29/2011 Water Nitrogen, ammonia as N

RNQ-1 11 ft 7/29/2011 Water Nitrogen, ammonia as N

RNQ-1 1ft 7/29/2011 Water Nitrogen, Kjeldahl

RNQ-1 11 ft 7/29/2011 Water Nitrogen, Kjeldahl

RNQ-1 1ft 7/29/2011 Water Nitrogen, Nitrite (NO2) + Nitrate (NO3) as N
RNQ-1 11 ft 7/29/2011 Water Nitrogen, Nitrite (NO2) + Nitrate (NO3) as N
RNQ-1 3 ft 7/12/2011 Water Pheophytin-a

RNQ-1 1ft 7/29/2011 Water Phosphorus as P

RNQ-1 11 ft 7/29/2011 Water Phosphorus as P

RNQ-1 1ft 7/29/2011 Water Solids, suspended, volatile

RNQ-1 11 ft 7/29/2011 Water Solids, suspended, volatile

RNQ-1 1ft 7/29/2011 Water Solids, Total Suspended (TSS)

RNQ-1 11 ft 7/29/2011 Water Solids, Total Suspended (TSS)

RNQ-1 1ft 7/29/2011 Water Temperature, sample

RNQ-1 11 ft 7/29/2011 Water Temperature, sample

Total 4990 mg/kg
Total 1430 mg/kg
88.1 %
353 %
119 %
55 mg/|
71 mg/|
Total 132 ug/I
Total 153 ug/I
Total ug/| ND
Total 7.47 ug/
Total mg/I ND
Total 1.59 mg/I
Total 1.32 mg/I
Total 2.47 mg/
Total mg/I ND
Total mg/I ND
Total 25.3 ug/I
Total 0.111 mg/I
Total 0.221 mg/I
17 mg/I
9 mg/l
19 mg/I
11 mg/I
5 degC
5 degC



StationCoc SampleDe} SampleDe| CollectionDate SampleMe Analyte

RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1
RNP-1

3 ft
3 ft
3 ft
16 ft
16 ft
16 ft
16 ft
16 ft
1 ft
1 ft
14 ft
1 ft
14 ft
14 ft
1 ft
1 ft
14 ft
1 ft
1 ft
14 ft
1 ft

7/12/2011 Water
7/12/2011 Water
7/12/2011 Water
7/12/2011 Sediment
7/12/2011 Sediment
7/12/2011 Sediment
7/12/2011 Sediment
7/12/2011 Sediment
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water
7/29/2011 Water

Chlorophyll a, corrected for pheophytin
Chlorophyll a, uncorrected for pheophytin
Chlorophyll-b

Nitrogen, Kjeldahl

Phosphorus as P

Total fixed solids

Total solids

Total volatile solids

Alkalinity, total

Nitrogen, ammonia as N

Nitrogen, ammonia as N

Nitrogen, Kjeldahl

Nitrogen, Kjeldahl

Nitrogen, Nitrite (NO2) + Nitrate (NO3) as N
Nitrogen, Nitrite (NO2) + Nitrate (NO3) as N
Phosphorus as P

Phosphorus as P

Solids, suspended, volatile

Solids, Total Suspended (TSS)
Temperature, sample

Temperature, sample

SampleFra Result_NU ResultUnit Qualifier

Total
Total
Total
Total
Total

Total
Total
Total
Total
Total
Total
Total
Total

76.5 ug/|
81.7 ug/l
ug/|
6870 mg/kg
1020 mg/kg
87.9 %
31.8 %
121 %
45 mg/|
mg/I
3.46 mg/|
1.14 mg/I
4.07 mg/
0.02 mg/I
mg/I
0.034 mg/I
0.444 mg/
7 mg/l
9 mg/|
5 degC
5 degC

ND

ND



StationCode CollectionDate SampleMedium Analyte

NZN-15
NZN-15
NZN-15
NZN-15
NZN-15
NZN-15
NZN-15
NZN-15
NZN-15
NZN-15
NZN-15
NZN-15

5/13/2008 Water
6/11/2008 Water
8/15/2008 Water
8/15/2008 Water
5/13/2008 Water
6/11/2008 Water
8/15/2008 Water
6/11/2008 Water
8/15/2008 Water
5/13/2008 Water
6/11/2008 Water
8/15/2008 Water

Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Hardness, Ca + Mg
Iron

Iron

Iron

Manganese
Manganese
Temperature, water
Temperature, water
Temperature, water

SampleFraction Result_NUM ResultUnits Qualifier

Total

Dissolved
Dissolved
Dissolved
Dissolved
Dissolved

7.300000191 mg/I
2.5 mg/I
2.799999952 mg/I
237000 ug/!
1110 ug/I

81 ug/l
38.40000153 ug/I
1590 ug/I

224 ug/I
14.30000019 deg C
23.10000038 deg C
20.70000076 deg C



StationCode CollectionDate Matrix  Analyte SmplFrac_Corrected Result_NUM ResultUnits Qualifier2

NH-07 7/9/2003 Sediment Manganese 300 mg/kg
NHH-01 7/21/2003 Sediment Manganese 480 mg/kg

NH-07 6/25/2003 Water Dissolved oxygen (DO) 3 mg/l

NH-07 7/9/2003 Water Dissolved oxygen (DO) 2.5 mg/I

NH-07 11/24/2003 Water Dissolved oxygen (DO) 6.4 mg/l

NH-07 6/25/2003 Water Hardness, Ca + Mg 226 mg/l C
NH-07 7/9/2003 Water Hardness, Ca + Mg 222 mg/I C
NH-07 11/24/2003 Water Hardness, Ca + Mg 148 mg/| C
NH-07 6/25/2003 Water Manganese Dissolved 980 ug/I

NH-07 7/9/2003 Water Manganese Dissolved 1700 ug/I

NH-07 11/24/2003 Water Manganese Dissolved 620 ug/I

NH-07 6/25/2003 Water Manganese Total 1000 ug/I

NH-07 7/9/2003 Water Manganese Total 1700 ug/I

NH-07 11/24/2003 Water Manganese Total 720 ug/I

NH-07 6/25/2003 Water Temperature, water 24.2 deg C

NH-07 7/9/2003 Water Temperature, water 28.5 deg C

NH-07 11/24/2003 Water Temperature, water 8.5 degC
NHH-01 6/25/2003 Water Dissolved oxygen (DO) 5.2 mg/I

NHH-01 7/21/2003 Water Dissolved oxygen (DO) 5 mg/l

NHH-01 11/19/2003 Water Dissolved oxygen (DO) 0.6 mg/I

NHH-01 6/25/2003 Water Hardness, Ca + Mg 249 mg/I C
NHH-01 7/21/2003 Water Hardness, Ca + Mg 251 mg/l C
NHH-01 11/19/2003 Water Hardness, Ca + Mg 125 mg/I C
NHH-01 6/25/2003 Water Manganese Dissolved 250 ug/I

NHH-01 7/21/2003 Water Manganese Dissolved 200 ug/I

NHH-01 11/19/2003 Water Manganese Dissolved 2800 ug/I

NHH-01 6/25/2003 Water Manganese Total 280 ug/I

NHH-01 7/21/2003 Water Manganese Total 260 ug/I

NHH-01 11/19/2003 Water Manganese Total 3700 ug/!

NHH-01 6/25/2003 Water Temperature, water 22.6 deg C
NHH-01 7/21/2003 Water Temperature, water 24.5 deg C
NHH-01 11/19/2003 Water Temperature, water 10.9 deg C



StationCode

CollectionDate | SampleMedium

Analyte

| SampleFraction | Result_NUM | ResuItUnits| Qualifier|

NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06

17-Jan-06 Water
28-Feb-06 Water
03-Apr-06 Water
02-May-06 Water
28-Jun-06 Water
22-Aug-06 Water
20-Sep-06 Water
25-Oct-06 Water
11-Dec-06 Water
22-Jan-07 Water
13-May-08 Water
20-Aug-08 Water
03-Sep-08 Water
01-Oct-08 Water
03-Dec-08 Water
17-Jan-06 Water
17-Jan-06 Water
28-Feb-06 Water
28-Feb-06 Water
03-Apr-06 Water
03-Apr-06 Water
02-May-06 Water
02-May-06 Water
28-Jun-06 Water
28-Jun-06 Water
22-Aug-06 Water
22-Aug-06 Water
20-Sep-06 Water
20-Sep-06 Water
25-Oct-06 Water
25-Oct-06 Water
11-Dec-06 Water
11-Dec-06 Water
22-Jan-07 Water
22-Jan-07 Water
13-May-08 Water
13-May-08 Water
20-Aug-08 Water
20-Aug-08 Water
03-Sep-08 Water
03-Sep-08 Water
01-Oct-08 Water
01-Oct-08 Water
03-Dec-08 Water
03-Dec-08 Water

Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese

Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Dissolved
Total

10.4 mg/l
11.2 mg/l
6.5 mg/l
6.6 mg/l
2.68 mg/I
1.5 mg/I
3.5 mg/l
2.7 mg/l
11.6 mg/l
12.1 mg/l
6.8 mg/l
5.3 mg/l
2.3 mg/l
5.4 mg/l
5.1 mg/l
180 ug/I
220 ug/l
510 ug/I
570 ug/I
400 ug/l
480 ug/l
500 ug/I
730 ug/l
590 ug/I
680 ug/|
1000 ug/I
1000 ug/I
1200 ug/I
1200 ug/I
490 ug/l
530 ug/I
370 ug/l
380 ug/l
110 ug/I
150 ug/I
43 ug/I
72.5 ug/l
837 ug/l
910 ug/I
1000 ug/I
1100 ug/I
846 ug/l
935 ug/l
696 ug/|
699 ug/l

J6



StationCoc CollectionDate SampleMe Analyte

NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06

1/14/2009 Water
2/26/2009 Water
4/9/2009 Water
5/21/2009 Water
6/24/2009 Water
7/28/2009 Water
9/2/2009 Water
10/13/2009 Water
11/18/2009 Water
1/25/2010 Water
3/8/2010 Water
4/15/2010 Water
5/5/2010 Water
7/1/2010 Water
8/24/2010 Water
9/13/2010 Water
10/6/2010 Water
12/20/2010 Water
1/27/2011 Water
3/8/2011 Water
4/12/2011 Water
5/24/2011 Water
6/9/2011 Water
8/15/2011 Water
8/31/2011 Water
10/19/2011 Water
11/30/2011 Water
1/14/2009 Water
2/26/2009 Water
4/9/2009 Water
5/21/2009 Water
6/24/2009 Water
7/28/2009 Water
9/2/2009 Water
10/13/2009 Water
11/18/2009 Water
1/25/2010 Water
3/8/2010 Water
4/15/2010 Water
5/5/2010 Water
7/1/2010 Water
8/24/2010 Water
9/13/2010 Water
10/6/2010 Water
12/20/2010 Water
1/27/2011 Water
3/8/2011 Water
4/12/2011 Water
5/24/2011 Water
6/9/2011 Water

Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation

SampleFraction Result NUM ResultUnit Qualifier

11.69999981 mg/I
11.89999962 mg/I
7.699999809 mg/I
3.799999952 mg/I
0.699999988 mg/I
2.539999962 mg/I
3.799999952 mg/I
6 mg/l
6.699999809 mg/I
9.100000381 mg/I
8.899999619 mg/I
4.599999905 mg/I
4.699999809 mg/|
2.640000105 mg/I
1.399999976 mg/I
2.299999952 mg/I
5.5 mg/I
6.199999809 mg/I
16.39999962 mg/I
8.699999809 mg/I
5.199999809 mg/I
5.800000191 mg/I
1.75999999 mg/!
2.299999952 mg/I
1.700000048 mg/I
4.400000095 mg/I
10.19999981 mg/I

82 %

96 %

72 %

40 %

9%

30 %

42 %

56 %

61 %

74 %

103 %

50 %

52 %

31 %

17 %

28 %

52 %

45 %

115 %

70 %

54 %

63 %

21 %



StationCoc CollectionDate SampleMe Analyte

NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06

8/15/2011 Water
8/31/2011 Water
10/19/2011 Water
11/30/2011 Water
1/14/2009 Water
2/26/2009 Water
4/9/2009 Water
5/21/2009 Water
6/24/2009 Water
7/28/2009 Water
9/2/2009 Water
10/13/2009 Water
11/18/2009 Water
1/25/2010 Water
3/8/2010 Water
4/15/2010 Water
5/5/2010 Water
7/1/2010 Water
8/24/2010 Water
9/13/2010 Water
10/6/2010 Water
12/20/2010 Water
1/27/2011 Water
3/8/2011 Water
4/12/2011 Water
5/24/2011 Water
6/9/2011 Water
8/15/2011 Water
8/31/2011 Water
10/19/2011 Water
11/30/2011 Water
1/14/2009 Water
2/26/2009 Water
4/9/2009 Water
5/21/2009 Water
6/24/2009 Water
7/28/2009 Water
9/2/2009 Water
10/13/2009 Water
11/18/2009 Water
1/25/2010 Water
3/8/2010 Water
4/15/2010 Water
5/5/2010 Water
7/1/2010 Water
8/24/2010 Water
9/13/2010 Water
10/6/2010 Water
12/20/2010 Water
1/27/2011 Water

Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Dissolved oxygen saturation
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Hardness, Ca + Mg
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese
Manganese

SampleFraction Result NUM ResultUnit Qualifier

Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved

27 %

20 %

41 %

79 %
299000 ug/!
268000 ug/!
166000 ug/|
146000 ug/!
173000 ug/|
121000 ug/!
181000 ug/|
74600 ug/I
279000 ug/I
176000 ug/!
266000 ug/!
240000 ug/!
119000 ug/I
145000 ug/!
135000 ug/|
157000 ug/!
167000 ug/|
194000 ug/!
281000 ug/I
85500 ug/I
178000 ug/|
114000 ug/!
184000 ug/|
131000 ug/!
149000 ug/|
114000 ug/!
70000 ug/I
294 ug/I
423 ug/l
326 ug/I
824 ug/|
1600 ug/!
629 ug/I
1380 ug/!
49 ug/l
491 ug/|
171 ug/l
513 ug/I
1110 ug/I
95.19999695 ug/I
700 ug/I
1090 ug/!
1320 ug/I
1070 ug/!
511 ug/I
369 ug/I

O 0

O 0O 00

OO 0000000



StationCoc CollectionDate SampleMe Analyte

NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06
NH-06

3/8/2011 Water
4/12/2011 Water
5/24/2011 Water

6/9/2011 Water
8/15/2011 Water
8/31/2011 Water

10/19/2011 Water
11/30/2011 Water
1/14/2009 Water
2/26/2009 Water

4/9/2009 Water
5/21/2009 Water
6/24/2009 Water
7/28/2009 Water

9/2/2009 Water

10/13/2009 Water
11/18/2009 Water
1/25/2010 Water

3/8/2010 Water
4/15/2010 Water

5/5/2010 Water

7/1/2010 Water
9/13/2010 Water

12/20/2010 Water
1/27/2011 Water

3/8/2011 Water
4/12/2011 Water
5/24/2011 Water

6/9/2011 Water
8/15/2011 Water
8/31/2011 Water

10/19/2011 Water
11/30/2011 Water

Manganese

Manganese

Manganese

Manganese

Manganese

Manganese

Manganese

Manganese

Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)

SampleFraction Result NUM ResultUnit Qualifier

Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved
Dissolved

45.70000076 ug/!
716 ug/|
199 ug/l

1790 ug/!
1160 ug/I
1150 ug/!
460 ug/I
43.79999924 ug/I
10 mg/I
13 mg/I
37 mg/|
57 mg/I
20 mg/I
78 mg/I
81 mg/l
18 mg/I
10 mg/I
60 mg/I

8 mg/I

92 mg/I
23 mg/|
56 mg/I
79 mg/|

8 mg/l

19 mg/I
20 mg/I
72 mg/|
220 mg/|
39 mg/I
75 mg/I

9 mg/I

12 mg/I
37 mg/|



StationCode| CollectionDate |SampIeMedium| Analyte | Result_NUM |Qua|ifier|ResuItUnits|

NH-06 05/21/09 Water Fecal coliform 260 cfu/100ml
NH-06 06/24/09 Water Fecal coliform 225 cfu/100ml
NH-06 07/28/09 Water Fecal coliform 390 cfu/100ml
NH-06 09/02/09 Water Fecal coliform 6B cfu/100ml
NH-06 10/13/09 Water Fecal coliform 105 cfu/100ml
NH-06 05/05/10 Water Fecal coliform 270 cfu/100ml
NH-06 07/01/10 Water Fecal coliform 760 B cfu/100ml
NH-06 08/24/10 Water Fecal coliform 1100 B cfu/100ml
NH-06 09/13/10 Water Fecal coliform 180 B cfu/100ml

NH-06 10/06/10 Water Fecal coliform 358B cfu/100ml



StationCode | CollectionDate | SampleMedium |

Analyte

SampleFraction | Result_NUM | ResuItUnits|

NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02
NGA-02

23-Jun-08 Water
11-Aug-08 Water
06-Aug-08 Water
04-Aug-08 Water
04-Aug-08 Water
15-May-08 Water
06-Aug-08 Water
23-Jun-08 Water
16-Jun-08 Water
12-Jun-08 Water
11-Aug-08 Water
06-Aug-08 Water
15-May-08 Water
15-May-08 Water
12-Jun-08 Water
12-Jun-08 Water
06-Aug-08 Water
16-Jun-08 Water
23-Jun-08 Water

17-Jun-08 Sediment

04-Aug-08 Water
11-Aug-08 Water
12-Jun-08 Water
11-Aug-08 Water
15-May-08 Water
16-Jun-08 Water
23-Jun-08 Water
04-Aug-08 Water
06-Aug-08 Water

BOD, carbonaceous

BOD, carbonaceous

BOD, carbonaceous

BOD, carbonaceous
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Phosphorus as P

Phosphorus as P

Phosphorus as P

Phosphorus as P

Phosphorus as P

Phosphorus as P

Phosphorus as P

Phosphorus as P

Phosphorus as P

Phosphorus as P

Phosphorus as P

Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)

Total
Total
Total
Total

Total
Dissolved
Total
Dissolved
Total
Dissolved
Total
Total
Total
Total
Total

mg/I

2.1 mg/I

mg/I

mg/|

3.6 mg/I

8.2 mg/I

3.6 mg/I

5.3 mg/I

7.3 mg/l

5.5 mg/I

4.5 mg/I

0.057 mg/I

0.031 mg/I

0.078 mg/I

0.039 mg/I

0.093 mg/I

0.029 mg/I

0.022 mg/I

0.021 mg/I
190 mg/kg

0.052 mg/I

0.041 mg/I

23.5 mg/I

8 mg/I

4 mg/l

21 mg/I

7 mg/

8 mg/I

9.5 mg/I

ND

ND
ND



StationCode CollectionDate SampleMedium Analyte

NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02

3/2/2004 Water
4/13/2004 Water
5/18/2004 Water

6/7/2004 Water

6/7/2004 Water

8/4/2004 Water

10/21/2004 Water
11/3/2004 Water
12/7/2004 Water
1/26/2005 Water

3/2/2005 Water
3/29/2005 Water

5/5/2005 Water
6/21/2005 Water
8/16/2005 Water
9/13/2005 Water

10/26/2005 Water
11/28/2005 Water
1/17/2006 Water
2/28/2006 Water

4/3/2006 Water
6/28/2006 Water
8/22/2006 Water
9/20/2006 Water

10/25/2006 Water

12/11/2006 Water
1/22/2007 Water

1/8/2003 Water

3/3/2003 Water
4/28/2003 Water
5/29/2003 Water
6/11/2003 Water
7/21/2003 Water

10/29/2003 Water
12/2/2003 Water
1/27/2004 Water

3/2/2004 Water
4/13/2004 Water
5/18/2004 Water

6/7/2004 Water

6/7/2004 Water

8/4/2004 Water

10/21/2004 Water
11/3/2004 Water
12/7/2004 Water
1/26/2005 Water

3/2/2005 Water
3/29/2005 Water

5/5/2005 Water
6/21/2005 Water
8/16/2005 Water
9/13/2005 Water

10/26/2005 Water

Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Chloride
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)

SampleFraction Result_ NUM ResultUnits Qualifier

Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total
Total

18.2 mg/I
42.8 mg/l
22.1 mg/I
18.8 mg/I
28.9 mg/I
29.6 mg/I
25.1 mg/I
12.5 mg/I
9.22 mg/I
29.3 mg/I
27 mg/l
10.9 mg/I
29.6 mg/I
69.2 mg/I
66 mg/l
52 mg/I
44 mg/|
44.8 mg/|
18.5 mg/I
44.5 mg/I
16.20000076 mg/I
51.29999924 mg/|
43.09999847 mg/I
59 mg/I
29.20000076 mg/l
35 mg/I
8.069999695 mg/|
12.2 mg/I
10.8 mg/I
4.5 mg/I
71 mg/I
3 mg/I
4.5 mg/I
0 mg/I

0 mg/I
1.7 mg/I
11.5 mg/I
2.5 mg/I
6.1 mg/l
3.8 mg/I
6.1 mg/l
2.6 mg/l
1 mg/I
5.9 mg/l
6.7 mg/l
6.7 mg/l
6.7 mg/l
7.7 mg/l
0 mg/I
1.3 mg/I
0.4 mg/l
0 mg/I

0 mg/I



StationCode CollectionDate SampleMedium Analyte

NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02
NG-02

11/28/2005 Water
1/17/2006 Water
2/28/2006 Water

4/3/2006 Water
5/2/2006 Water
6/28/2006 Water
8/22/2006 Water
9/20/2006 Water

10/25/2006 Water

12/11/2006 Water
1/22/2007 Water

3/2/2004 Water
4/13/2004 Water
5/18/2004 Water

6/7/2004 Water

6/7/2004 Water

8/4/2004 Water

10/21/2004 Water
12/7/2004 Water
1/26/2005 Water

3/2/2005 Water
3/29/2005 Water
5/5/2005 Water
9/13/2005 Water

10/26/2005 Water
8/22/2006 Water
9/20/2006 Water

10/25/2006 Water

12/11/2006 Water
1/22/2007 Water

1/8/2003 Water
3/3/2003 Water
4/28/2003 Water
5/29/2003 Water
6/11/2003 Water
7/21/2003 Water

10/29/2003 Water
12/2/2003 Water
1/27/2004 Water

3/2/2004 Water
4/13/2004 Water
5/18/2004 Water

6/7/2004 Water

6/7/2004 Water

8/4/2004 Water

10/21/2004 Water
11/3/2004 Water
12/7/2004 Water
1/26/2005 Water

3/2/2005 Water
3/29/2005 Water
5/5/2005 Water
6/21/2005 Water

Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Dissolved oxygen (DO)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water
Temperature, water

4.4 mg/I
0 mg/l
2.900000095 mg/l
7.800000191 mg/I
0 mg/l

0 mg/l
2.099999905 mg/l
0.899999976 mg/I
0 mg/l

11 mg/I
11.89999962 mg/I
74 mg/I

6 mg/I

25 mg/l
11 mg/I
52 mg/I
23 mg/l
21 mg/l
1220 mg/l
12 mg/I
10 mg/I
56 mg/I
10 mg/I

5 mg/I
mg/I

21 mg/I
16 mg/I
27 mg/I

5 mg/l

43 mg/I
1.9 degC
1.2 degC
16.1 deg C
16.5 deg C
18.5 deg C
24.8 deg C
9.3 degC
4.1 deg C
-0.12 deg C
11 degC
8.7 deg C
18.8 deg C
20 deg C
21.5 deg C
25 deg C
14 deg C
13.7 deg C
12.4 deg C
3.2 degC
2.1 degC
10.8 deg C
12.2 deg C
20.5 deg C

SampleFraction Result_ NUM ResultUnits Qualifier

ND



StationCode CollectionDate SampleMedium Analyte SampleFraction Result_ NUM ResultUnits Qualifier

NG-02 8/16/2005 Water Temperature, water 24.2 deg C

NG-02 9/13/2005 Water Temperature, water 22.2 degC

NG-02 10/26/2005 Water Temperature, water 8.3 degC

NG-02 11/28/2005 Water Temperature, water 11.1 deg C

NG-02 1/17/2006 Water Temperature, water 6.099999905 deg C

NG-02 2/28/2006 Water Temperature, water 8.300000191 deg C

NG-02 4/3/2006 Water Temperature, water 13.69999981 deg C

NG-02 5/2/2006 Water Temperature, water 15.5 deg C

NG-02 6/28/2006 Water Temperature, water 21.44000053 deg C

NG-02 8/22/2006 Water Temperature, water 22.79999924 deg C

NG-02 9/20/2006 Water Temperature, water 14.89999962 deg C

NG-02 10/25/2006 Water Temperature, water 6.900000095 deg C

NG-02 12/11/2006 Water Temperature, water 3.900000095 deg C

NG-02 1/22/2007 Water Temperature, water 3.200000048 deg C

NG-05 6/16/2008 Water BOD, Biochemical oxygen demand Total mg/I ND
NG-05 6/23/2008 Water BOD, Biochemical oxygen demand Total mg/I J7,ND
NG-05 8/4/2008 Water BOD, Biochemical oxygen demand Total 3 mg/l

NG-05 8/11/2008 Water BOD, Biochemical oxygen demand Total mg/I J7,ND
NG-05 6/23/2008 Water BOD, carbonaceous Total mg/I ND
NG-05 8/11/2008 Water BOD, carbonaceous Total mg/I ND
NG-05 5/15/2008 Water Chloride Total 43.79999924 mg/I

NG-05 6/12/2008 Water Chloride Total 240 mg/l

NG-05 7/24/2008 Water Chloride Total 1420 mg/I

NG-05 5/15/2008 Water Dissolved oxygen (DO) 9.100000381 mg/l

NG-05 6/12/2008 Water Dissolved oxygen (DO) 5.5 mg/I

NG-05 6/16/2008 Water Dissolved oxygen (DO) 7 mg/l

NG-05 6/23/2008 Water Dissolved oxygen (DO) 7.099999905 mg/|

NG-05 7/24/2008 Water Dissolved oxygen (DO) 8 mg/l

NG-05 8/4/2008 Water Dissolved oxygen (DO) 7.699999809 mg/|

NG-05 8/11/2008 Water Dissolved oxygen (DO) 6 mg/l

NG-05 5/15/2008 Water Solids, Total Suspended (TSS) 5 mg/l

NG-05 6/12/2008 Water Solids, Total Suspended (TSS) 4.5 mg/l

NG-05 6/16/2008 Water Solids, Total Suspended (TSS) 7 mg/l

NG-05 6/23/2008 Water Solids, Total Suspended (TSS) 5 mg/l

NG-05 7/24/2008 Water Solids, Total Suspended (TSS) 10 mg/I

NG-05 8/4/2008 Water Solids, Total Suspended (TSS) 25 mg/I

NG-05 8/11/2008 Water Solids, Total Suspended (TSS) 7 mg/l

NG-05 5/15/2008 Water Temperature, water 14.80000019 deg C

NG-05 6/12/2008 Water Temperature, water 23.20000076 deg C

NG-05 6/16/2008 Water Temperature, water 23.89999962 deg C

NG-05 6/23/2008 Water Temperature, water 22.10000038 deg C

NG-05 7/24/2008 Water Temperature, water 23.5 deg C

NG-05 8/4/2008 Water Temperature, water 23.60000038 deg C

NG-05 8/11/2008 Water Temperature, water 20.70000076 deg C



StationCode| WaterbodyName | CollectionDate |SampIeMedium|

Analyte

| Result NUM | ResultUnits |

Qualifier

NF-01
NF-01
NF-01
NF-01

HURRICANE CREEK
HURRICANE CREEK
HURRICANE CREEK
HURRICANE CREEK

14-May-08 Water
10-Jun-08 Water
29-Jul-08 Water
10-Jun-08 Sediment

Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
Solids, Total Suspended (TSS)
BHC-gamma (Lindane)

29.5 mg/I
20.5 mg/I
10.5 mg/I

ug/kg

ND



StationCode CollectionDat¢SampleMe Analyte_Type

N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11
N-11

1/9/2006 Water
2/16/2006 Water
6/29/2006 Water
8/15/2006 Water
9/19/2006 Water
12/5/2006 Water
1/24/2007 Water
5/14/2008 Water
8/21/2008 Water
10/1/2008 Water
12/3/2008 Water
1/14/2009 Water
2/26/2009 Water

4/9/2009 Water
5/21/2009 Water
6/24/2009 Water
7/28/2009 Water

9/2/2009 Water

10/13/2009 Water
11/18/2009 Water
1/25/2010 Water

3/8/2010 Water
4/15/2010 Water

5/5/2010 Water

7/1/2010 Water
9/13/2010 Water
10/6/2010 Water

12/20/2010 Water
1/27/2011 Water

3/8/2011 Water
4/12/2011 Water
5/24/2011 Water

6/9/2011 Water
8/15/2011 Water

10/19/2011 Water

Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic
Misc_Inorganic

Analyte Result_NU ResultUnit: Qualifier

Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate
Sulfate

162 mg/I
113 mg/I
48.9 mg/|
45.6 mg/|
49.9 mg/|
51.4 mg/I
814 m